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Research Article 


Predictability of Yen Angle & Appraisal of Various Cephalometric Parameters in 
the Assessment of Sagittal Relationship between Maxilla and Mandible in Angle’s 
Class If Malocclusion 


Jigar R. Doshi, Kalyani Trivedi, Tarulatha Shyagali, 


Department of Orthodontics, Darshan Dental College & Hospital, Udaipur 
(Received May, 2011) 


Abstract: 

The study was aimed to check the predictability and variability of Yen angle along with other sagittal discrepancy 
parameters and to discuss the correlation existing between them, so as to obtained a more reliable and least variable 
parameter for antero-posterior cephalometric analysis. The lateral cephalograms of 120 Class II malocclusion in Indian 
subjects were obtained and traced for seventeen different sagittal discrepancy parameters. The age of subjects ranged 
from 17-24 years. Study revealed that, Yen angle was highly reliable (CV= 1.81) and most homogenously distributed 
angular parameter to assess antero-posterior sagittal discrepancy. Other parameters like FABA, APDI/ PABA, SGn-AB 
and Beta angle also exhibit homogenous distribution and less variability in comparison to other parameters. As all the 
parameters used in the study share statistically significant correlation amongst themselves, instead of relying on one 


(Accepted October, 2011) 


single parameter, others also should be checked and should be correlated with clinical findings. 


Key Words: A-P relationship, Class II malocclusion, Yen Angle. 


Introduction: 

Up till now various methods of assessing the 
sagittal jaw base relationship have been formulated. 
Earlier the skeletal pattern was analyzed clinically by 
an overall profile view of the patient and palpation of 
the anterior surfaces of the basal part of the jaws with 
the teeth in occlusion. After the introduction of the 
cephalometry, various angular and linear parameters 
were studied and documented. Downs (1956) 
introduced the A-B plane angle, few years later; Riedel 
(1952) came up with the angle ANB. The reliability of 
ANB as anA-P discrepancy indicator has always been 
questioned (Beatly, 1975; Yank & Shur, 1995; Kim, 
1979; Jacobson, 1975; Freeman, 1981; Hussels & 
Nenda, 1984; Bjork 1955; Cooke & Wei, 1988; Chang, 
1987; Sarhan, 1990; Baik & Ververeidou, 2004). 

After considering the fallacies of ANB angle, 
Jacobson (1975) considered using functional occlusal 
plane as a reference plane to assess points A and B, 
and thus eliminated the controversies surrounding the 
N point. Nevertheless, location of functional occlusal 
plane in itself was a difficult task. Having recognized 
the flaws with two of the commonly used measurements 
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to assess the sagittal jaw relationship, it was desirable 
that a measurement independent of the cranial 
reference planes or dental occlusion would be a better 
adjunct in determining the apical base relationship. Up 
till now number of different measurements have been 
developed like: A-B plane angle, ANB angle, AXB 
angle, AXD angle, FABA angle, PABA angle, SGn/ 
AB angle, APDI angle, AB/TH angle, Beta angle & 
linear measurements like Wit’s Appraisal, AB/PP 
distance, AB/SN distance, AD/SN distance, AB/FH 
distance and AB/TH distance. More recently in 2009 
a new measurement named YEN Angle was projected 
(Fig. V). 

So far very few studies have been done to 
check the validity of the Yen angle (Neela et al, 2009). 
Therefore, present study was aimed to assess the 
predictability and validity of YEN angle in comparison 
to other A-P dysplasia indicators. This study was also 
an attempt to check the correlation as well as variations 
existing in between these parameters, so that a more 
reliable and least variable parameter can be obtained. 


Materials and Methods: 

The study was carried out using lateral 
Cephalograms of 120 Indian subjects with the age range 
of 17-24 years, obtained from out patient department 
of Orthodontics and Dentofacial Orthopedics, Darshan 
Dental College and Hospital, Udaipur. One hundred 
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twenty subjects clinically diagnosed to have Class II 
malocclusion with convex profile and large overjet, 
were selected for the study. An informed consent was 
obtained from each of them. A lateral cephalogram 
was taken for each subject (Fig. I). Subjects full filling 
the following criteria were included in the study: 
1. ANB angle of 4° or more 
2. Wits appraisal was greater than or equal to 3mm 
3. AB Plane angle more than -9° 

Twenty individuals who did not meet the above 
set criteria were not included in the study. 

The final sample consisted of 60 male and 40 
female (n=100) of Class II malocclusion group. Lateral 
cephalometric radiographs for each patient were taken 
in natural head posture. The wire plumb line and 
suspended weight recorded the true vertical on each 
radiograph. Each subject was then asked to determine 
the self-balanced position of the head and lateral 
cephalogram was taken in the standard manner 
(Raju et al, 2001; Fig. |). Tracings were made by hand 
using a sharp 3H pencil on acetate tracing paper in a 
dark room using X-ray viewer. For the measurement 
of the linear distances, scale was used to the nearest 
of 0.5 mm and angles were measured to the nearest of 
0.5 degree. The True vertical line was then established. 
The important hard and soft tissue structures were then 
marked on the cephalogram (Fig. II). Various reference 
points, planes and angles were drawn, and recorded 
for evaluation. 
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Fig I: Lateral cephalogram of Class II subject. 
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———_ Me 


—— Me: 


Line Diagram with Angular parameters. 
[1: (...A-B plane, 2:-—) ANB, 3: (----)AFB, 4:(----/...) SGn-AB] 


1. Angular measurements (Fig. III, IV, V & VID 
A-B plane to N-Pog line 

Difference between SNA and SNB 
Angle formed from Point A to point AF 
(point of perpendicular contact on 

the F-H plane from point A) to point B 
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e AXD 


e FABA 

e PABA : 
eSGn/AB: 
e Beta 


e APDI 


eAB/TH : 
eYEN 


Angle formed from point A to point AX 
(point of perpendicular contact on the S- 
N plane from point A) to point D 

FH plane to AB plane 

Palatal plane to AB plane 

S-Gn line to AB plane 

Angle formed between the Line from point 
A perpendicular to the C-B line and the 
A-B line 

Obtained from a combination of singular 
measurements, such as the facial angle, 
A-Bplane angle, and palatal plane angle. 
True Horizontal plane to AB plane 

angle formed between SM line and MG 
line 


2. Linear measurements (Fig. VII) 


eWit’sA : 


e AB/PP : 


e AB/SN : 


e AD/SN : 


eAB/FH 


e AB/TH : 


Distance between A and B point on OP 
plane 

Distanced between A and B point on 
Palatal plane 

Distance between A and B point on SN 
Plane 

Distance between A and D point on SN 
Plane 

Distance between A and B point on FH 
plane 

Distance between A and B Point on True 
Horizontal Plane 


_—— Me 


Fig IV: Line Diagram with Angular parameters. 
[5:(---) AXD, 6:(.../——) FABA, 7: (——) PABA, 8: -—/==)AB/TH] 
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Fig V: YEN angle and Beta angle. 


Statistical Analysis 


The data was collected, tabulated and 


statistically analyzed using the SPSS 10 software. 
Statistical methods employed in the present 
investigations were: 


1. 


To determine the errors associated with 
radiographic measurements, 10 radiographs were 
selected at random from the observational group. 
Their tracing and measurements were repeated and 
compared with first measurements by using paired‘t’ 
test. 


. Minimum and maximum value, range, mean and 


standard deviation were calculated for each subject. 


. To find out the significant differences for the 


measurements between male and female sample, 
Independent‘t’ test was applied. 


. Coefficients of Variability of all parameters were 


calculated. 


. Correlation coefficients between the various 


parameters were calculated using Pearson’s 
correlation to determine which combination would 
produce a higher value. 


Results: 


The statistical analysis to check the error 


between repeated measurements, paired ‘t’ test was 
used, and it suggested no significant difference between 
them (p>0.05). The results of the study suggested no 
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statistical significant differences between two sexes 
(p>0.05). Therefore, all the measurements belonging 
to both sexes were pooled, and a correlation analysis 
was performed among them. 


Fig VI6: Antero posterior Dysplasia Indicator (APDI), is a Sum of 
three angle. 
[1: A-B Plane angle, 2: Facial plane angle, 3: Palatal plane angle] 


Fig VII: 


Line Diagram with Linear parameters. 
[1-2: Wit’s Appraisal, 3-4:AB/PP, 5-6: AB/FH, 7-8: AB/TH, 9-10:AB 
SN, 9-11:AD/SN] 
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The coefficient of variability of all parameters 
is presented in Table II. According to it the 
measurements with most homogenous distribution in 
the group were YEN angle (CV=1.81) followed by 
FABA, PABA, APDI, SGn-AB and Beta angle. In 
linear measurements, most homogenous distribution 
was AD-SN distance (CV=15.17) and measurements 
with least homogenous distribution was the Wits 
Appraisal (CV=36.14). 

A statistically significant positive correlation 
between FMA and angles like AB Plane angle, Beta, 
and linear parameters like TH-Wits was observed. A 
significant negative correlation was found between 
FMA and SGn-AB angle and Wits appraisal. Rest all 
the parameters had no significant correlation with FMA 
angle (Table HI, IV & V). 

Among all the angular parameters, APDI and 
PABA angle exhibited highest statistically significant 
positive correlation with each other (r = 0.984, p>0.05). 
Highest negative correlation was found between AB- 
HP distance and FABA angle (r = -0.868, p>0.05) and 
between FABA and AXB angle (r = -0.867, p>0.05). 
Lowest significant positive correlation was present 
between FABA and AB-Plane. (r = 0.298, p >0.05) as 
shown in Table III. 

When angular and linear parameters were 
compared, high significant positive correlation was 
found between AB-HP angle and TH- Wits distance 
(r = 0.780, p>0.05). High significant negative 
correlation was found between APDI angle and AB- 
PP distance (r = -0.848, p>0.05) as shown in Table V. 


Discussion: 

In cephalometrics, both angular and linear 
variables have been proposed to analyze sagittal jaw 
relationship and jaw position. Angular measurements 
can be erroneous as a result of changes in facial height, 
jaw inclination, and total jaw prognathism; linear 
variables can be affected by the inclination of the 
reference line (Baik & Ververeidou, 2004). The 
literature reveals that, there are various ways to assess 
the maxilla mandibular jaw discrepancy, but none can 
be universally used with authenticity. Therefore, the 
present study was designed to analyze different 
statistical and geometrical variations in cephalometric 
measurements which were used to indicate the 
anteroposterior jaw relationship in Class IT malocclusion 
and to assess the reliability and predictability of YEN 
angle and variability of all the sagittal parameter in 
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Table I: Measurements in Indian population with Class IT Malocclusion (n = 100) 


Males (n=60) Females (n=40) 

Measurements Mean SD Mean SD t-value p-value 
FMA 22.733 3.734 23.913 3.66 1.559 0.122 
AB_ PLANE -10.95 2.273 -10.91 2 0.085 0.933 
ANB 6.067 1.233 5.975 1.358 0.35 0.727 
AXB (AFB) 8.15 1.322 8.087 1.143 0.244 0.808 
AXD 12.042 1.286 11.675 1.807 1.186 0.239 
FABA 75.45 2.62 75.825 2.183 0.748 0.456 
PABA 75.5 2.561 76.375 2.272 1.749 0.083 
SGn-AB 45.825 2.757 45.35 2.565 0.868 0.388 
BETA 23.167 2.805 23.95 2.698 1.389 0.168 
AB-HP 14.183 3.105 14.15 2.392 0.057 0.954 
APDI 75.433 2.664 76.225 2.337 1.528 0.13 
YEN 114.42 2.04 114.1 2.14 0.77 0.44 
WITS 5.65 1.992 5.075 1.88 1.446 0.151 
TH-WITS 9.625 2.546 9.225 2.054 0.83 0.409 
AF-BF distance 9.983 2.023 9.437 1.809 1.378 0.171 
App-Bpp distance 9.7 1.862 9.163 1.579 1.501 0.137 
AB-SN distance 15.233 2.346 14.962 2.188 0.581 0.563 
AD-SN distance 22.592 3.46 21.738 3.219 1.243 0.217 

Table II: Range of Measurements of Pooled Group (n=100) with coefficient of Variability 
Measurements Minimum Maximum Mean sp  Ceefficient of 
Variability 
FMA 16 32 23.205 3.732 16.08 
AB_PLANE -16 -8 -10.94 2.158 19.73 
ANB 4 8 6.03 1.279 21.21 
AXB (AFB) 5 11 8.125 1.248 15.36 
AXD 4.5 14 11.895 1.518 12.76 
FABA 70 81 75.6 2.449 3.24 
PABA 70 81 75.85 2.476 3.26 
SGn-AB 41 53 45.635 2.679 5.87 
BETA 17 28 23.48 2.776 11.82 
AB-HP 9 20 14.17 = 2.829 19.96 
APDI 70 81 75.75 2.556 3.37 
YEN 110 120 114.3 2.07 1.81 
WITS 2 11 5.42 1.959 36.14 
TH-WITS 3 15.5 9.465 2.358 24.91 
AF-BF distance 5 18 9.765 1.949 19.96 
AB-PP distance 6 13 9.485 1.766 18.62 
AB-SN distance 11 20 15.125 2.277 15.25 
AD-SN distance 10 30 22.25. 3.375 15.17 


assessing the sagittal jaw discrepancy for the young 
adults of Indian population. 

A new cephalometric measurement, named 
YEN angle was established by Neela et al (2009). This 
angle is formed between three reference points; S, 
midpoint of the sella turcica; M, midpoint of the 
premaxilla and G, center of the largest circle that is 
tangent to the internal inferior, anterior and posterior 
surfaces of the mandibular symphysis (Fig. V). Mean 
value for YEN angle in class II malocclusion subject 
was 114.2 + 3.6 (Neela et al, 2009). The mean value 
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recorded in the present study (114.3 + 2.07) was at 
par with the above study. It had the lowest coefficient 
of variability (CV=1.81) in comparison to all 
measurements. This indicates that, YEN angle was 
homogenously distributed and reliable in comparison 
to other sagittal discrepancy parameters. Coefficient 
correlation suggested no significant correlation between 
YEN and FMA angle; which means, YEN angle 
remained stable even when the jaws are rotated. Among 
all the parameters, AXD angle and AD-SN distance 
had highest negative correlation with YEN angle and 
highest positive correlation with FABA. 
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Table III: Coefficient Correlation between angular measurements of Class II group 
FMA AB ANB AXB AXD FABA PABA SGN-AB_ BETA ABHP APDI YEN 
PLANE 
FMA r 1 
p ; 
AB r .281** 1 
PLANE 
p 0.005 i 
ANB r -0.14 -0.766** 1 
p 0.163 <0.0001 , 
AXB r 0.151  -0.333**  .365** 1 
p 0.133 0.001 <0.0001 : 
AXD r -0.003 -0.279**  .513** A56** 1 
p 0.974 0.005 <0.0001 <0.0001 , 
FABA r -0.065 0.298**  -.249** -.867** -.413** 1 
p 0.521 0.003 0.012 <0.0001 <0.0001 
PABA r 0.008 0.482**  -.437**  -.700** -.485**  .735** 1 
p 0.935 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 : 
SGNAB_ r_ -.513** -0.710**  .502** AT8** = 357** - 564** -.608** 1 
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 ; 
BETA r .446** 0.562**  -.313**  -.570** -.368** .672**  .598**  -.822** 1 
p <0.0001 <0.0001 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
ABHP r 0.187 -0.108 0.082 BLOF 3 11** = -.868** = -.622** 402** = -.506** 1 
p 0.063 0.286 0.415 <0.0001 0.002 <0.0001 <0.0001 <0.0001 <0.0001 
APDI r -0.017 0.481**  -.421** = -.703** -.473**  .726**  .984** = -.566** 585**  -.620** 1 
p 0.868 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
YEN r -.143 abe. -.306"* -.389** -.502** = .328** .223** -.265** 2235? -.251** 195 1 
p .156 .086 .002 .000 .000 001 .026 .008 .026 .012 .052 


** Correlation is significant at the 0.05 level, r value = Pearson’s 


To evaluate the antero-posterior relationship 
of jaw bases, Yang & Suhr (1995) introduced parameter 
on FH plane named FABA. According to them, this 
angle not only provides the anteroposterior relationship 
of the jaws but also gives a clue to the facial profile. 
Coefficient of variation analysis of all the sagittal 
parameters suggested that, except YEN angle, FABA 
had the second lowest coefficient of variability among 
the cephalometric parameters measured (CV = 3.24), 
indicating that it was the second most homogenously 
distributed parameter (Table III). No significant 
correlation between FABA and FMA angle was 
observed. This, however, was in contrast with the 
previous study. Highest negative correlation was found 
between AB-HP distance and FABA angle and 
between FABA and AXB angle, which means larger 
the FABA angle, smaller the AXB and AB-HP angle 
and vice versa. Other parameters showing less 
variability and more homogenous distribution within the 
population were PABA, APDI and SGn-AB angle. 

Beta Angle was established by Baik & 
Ververeidou (2004). They observed mean value for Beta 
angle in white Class II patients to be 24.5 + 3°. This 


People’s Journal of Scientific Research 


product-moment correlation coefficient, 


is in contrast to the mean value of 23.4°+ 2.7°, recorded 
in the present study. This indicates more severe 
malocclusion in Indian population in comparison to 
whites. It had the lower coefficient of variability (CV 
= 11.8) in comparison to all measurements except for 
YEN, FABA, PABA, APDI, and SGn-AB angle. This 
indicates that, Beta angle was homogenously distributed 
and reliable in comparison to other sagittal discrepancy 
parameters. 

In the present study, highly significant positive 
correlation between Beta and FMA angle was found. 
This is in contrast to the earlier study of Baik & 
Ververeidou (2004) who stated that Beta angle 
remained stable even when the jaws were rotated. Beta 
angle showed a significant positive correlation with 
measurements like AB Plane, FABA, PABA and 
APDI. Remaining parameters exhibited negative 
correlation with Beta angle. Among all the parameters, 
SGn-AB angle had highest negative correlation and 
FABA had highest positive correlation with Beta angle. 
Kim & Vietas (1978) for the first time measured PABA 
or APDI angle. This angle was obtained from a 
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Table IV: Coefficient Correlation between linear measurements of Class II group 


Value Wits TH Wits 
Wits r 1 
p : 
TH-Wits r 0.286** 1 
p 0.004 : 
AF-BF Distance r 0.362** 0.695** 
p <0.0001 <0.0001 
App-Bpp Distance r 0.581** 0.592** 
p <0.0001  <0.0001 
AB-SN Distance r 0.537** 0.620** 
p <0.0001  <0.0001 
AD-SN Distance r 0.290** 0.534** 


AF-BF App-Bpp AB-SN AD-SN 
Distance Distance Distance Distance 
1 

0.576** 1 

<0.0001 : 

0.611** 0.710** 1 

<0.0001 <0.0001 : 

0.599 ** 0.430** 0.751** 1 


p 0.003 <0.0001 <0.0001  <0.0001 <0.0001 __. 


** Correlation is significant at the 0.05 level, r value = Pearson’s product-moment correlation coefficient, p Value = probability of 


obtaining a test statistics 


Table V: Coefficient Correlation between angular and linear measurements of Class II group 


Value Wits TH-Wits 
FMA r -.413** .274** 
p <0.0001 0.006 
AB-PLANE r -.526** -0.069 
p <0.0001 0.495 
ANB r 441 ** 0.193 
p <0.0001 0.054 
AXB r 530** .714** 
p <0.0001 <0.0001 
AXD r .229** BS Tes 
p 0.022 <0.0001 
FABA r - 548** -.681** 
p <0.0001 <0.0001 
PABA r -.616** -.521** 
p <0.0001 <0.0001 
SGn-AB r .674** .204** 


combination of measurements, such as the facial angle, 
A-B plane angle and palatal plane angle. They stated 
that PABA was equals to APDI. This geometric 
relationship holds true for all variable situations 
irrespective of the palatal plane inclination and/or the 
location of point A relative to Na-Pog. Thus, APDI 
may be considered to be the angle formed by the A-B 
plane in relation to the palatal plane. In the present 
study, to check the geometric relationship between 
PABA and APDI angle, both angles were separately 
measured. Mean value for class II malocclusion group 
was found to be 75.5° for both PABA and APDI angles. 
These findings were in agreement with the mean values 
of the earlier studies by Kim & Vietas (1978). 

Highest negative correlation was found 
between PABA (APDI) and AB-PP distance. In 
addition, PABA and APDI had lower coefficient of 
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AF-BF App-Bpp AB-SN AD-SN 
Distance Distance Distance Distance 
0.171 0.128 0.064 0.149 
0.088 0.205 0.53 0.14 
-0.173 -.399 ** -.471** -.248** 
0.085 <0.0001 <0.0001 0.013 
2QI2** 452** .612** 434** 
0.006 <0.0001 <0.0001 <0.0001 
.741** .655** ey hee .613** 
<0.0001 <0.0001 <0.0001 <0.0001 
.388** 377** .623** .731** 
<0.0001 <0.0001 <0.0001 <0.0001 
-.677** -.633** -.652** -.601** 
<0.0001 <0.0001 <0.0001 <0.0001 
-.540** -.832** -.632** -.527** 
<0.0001 <0.0001 <0.0001 <0.0001 
.290** .367** .470** .336** 


variability in relation to all the parameters except FABA 
(CV = 3.26, 3.37), indicating PABA/APDI was the 
most homogenously distributed parameter, which is 
further supported by Oktay (1991) and Yang & Suhr 
(1995). However, in contrast to their study, present study 
showed that, PABA and APDI angles exhibited no 
significant correlation with FMA angle. 

Another parameter more homogenously 
distributed in this study was, SGn-AB angle introduced 
by Sarhan (1990). In the present study, SGn-AB angle 
represent the fourth homogenously distributed and less 
variable (CV=5.87) parameter, whereas Sarhan (1990) 
reported high variability of this parameter. It also 
showed high statistical significant correlation with FMA 
angle, which means, SGn-AB angle was affected by 
rotation of jaws. 

Amongst the linear parameters studied, AD-SN 
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distance exhibited low coefficient of variability (CV = 
15.17) indicating that it was the most reliable linear 
parameter. This result was in agreement with the study 
of Beatty (1975). Correlation between FMA and AD- 
SN distance was found to be statistically insignificant 
indicating AD-SN distance was not affected by the 
rotation of jaws. It showed highest negative correlation 
with YEN angle. 

Wits appraisal was introduced by Jacobson in 
1975. He employed the functional occlusal plane as a 
reference plane, because it was common to both 
maxillary and mandibular dental arches. However, in 
the present study, Wits appraisal showed the highest 
coefficient of variability (CV = 36.14), indicating that 
it was the least reliable parameter and is in agreement 
with the study by Kim (1979). The greatest coefficient 
of variability may be attributed, in part to difficulties or 
inaccuracies in identifying the functional occlusal plane 
and/or variation in it. The coefficient correlation 
between FMA and Wits appraisal was found to be 
highly significant, indicating that Wits appraisal was 
affected by rotation of jaws and is in agreement with 
Chang (1987), who opined that the Wits appraisal could 
be easily affected by changes in the inclination of 
occlusal plane and the variation in the vertical position 
of point A, point B or both. However, contrasting 
findings were reported by the studies of Jacobson 
(1975) and Richardson (1982). 


Conclusion: 

YEN angle was highly reliable and more 
homogenously distributed angular parameter used to 
assess antero-posterior sagittal discrepancy. Other 
parameters like FABA, PABA, APDI, SGn-AB and 
Beta angle also exhibit homogenous distribution and 
less variability as compared to all other parameters. 
Among all the parameters, higher interchangeability 
was Statistically substantiated between PABA and 
APDI angle. However, as all the parameters used in 
the study share statistically significant correlation 
amongst themselves, instead of relying on one single 
parameter, others also should be checked and should 
be correlated with clinical findings. 
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Abstract: 


The present retrospective study was carried out to investigate the clinical and histological features of 51 cases 
of peripheral ossifying fibroma (POF). The clinical information such as age, sex, location, color of the lesion, pedunculated/ 
sessile was recorded. The lesion was found more frequently in females (62.75%) and 2™ decade. It had a predilection for the 
maxillary gingiva (68.63%) and the incisor/cuspid region (72.55%). The average age of occurrence was 38.5 years. 
Histologically, the surface epithelium was ulcerated in 15(29.41%) cases and in the rest, it was non-ulcerated. The lesion 
exhibited highly cellular fibroblastic tissue in 12(23.53%) cases, and in the remaining cases it showed more fibrous tissue. 
Mineralized products in the form of trabeculae of woven and/ or lamellar bone (61%), cementum like material (12%) and 
dystrophic calcification (27%) were noticed. 


(Accepted October, 2011) 


Key Words: Peripheral ossifying fibroma, Mineralization, Trabeculae, Dystrophic calcification, Cementum like material. 


Introduction: 

There are histologically different types of focal 
overgrowths which may occur on the gingiva. These 
are usually the result of a reactive response to local 
irritation rather than neoplastic in nature. Many of these 
lesions can be identified as specific entities on the basis 
of characteristic morphology. They are peripheral giant 
cell granuloma, pyogenic granuloma, fibrous 
hyperplasia, and peripheral ossifying fibroma (Buchner 
& Hansen, 1987). Peripheral ossifying fibroma (POF) 
is a gingival nodule composed of a cellular fibroblastic 
connective tissue stroma associated with the formation 
of randomly dispersed foci of a mineralized product 
consisting of either bone (woven and lamellar), 
cementum like material and dystrophic calcifications. 
(Buchner & Hansen, 1987; Cuisia & Brannon, 2001). 
Earlier many names have been proposed for this lesion 
including peripheral cemento-ossifying fibroma, 
peripheral odontogenic fibroma with cementogenesis, 
peripheral fibroma with osteogenesis, fibrous epulis, 
calcifying fibroblastic granuloma and peripheral fibroma 
with calcification. (Bhaskar & Jacoway, 1966; Kumar 
et al, 2006). Gardner in 1982 suggested that the 
peripheral ossifying fibroma and peripheral odontogenic 
fibroma are two distinct lesions, the former being a 
common reactive lesion and the latter a rare lesion. 
He also suggested that the name peripheral ossifying 
fibroma should be retained for this lesion. 
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The aim of the present retrospective study was 
to investigate the clinical and histological features of 
51 cases of peripheral ossifying fibroma. 


Material and Methods: 

The clinical and histological data of 51 cases 
of peripheral ossifying fibroma were retrieved from 
the records of Department of Oral pathology and 
Microbiology, A.B. Shetty Memorial Institute of Dental 
Sciences, Mangalore. Lesions diagnosed as peripheral 
odontogenic fibroma was excluded from the study. Only 
lesions that exhibited mineralized components were 
included in the study. 

The clinical information such as age, sex, 
location, presence /absence of pain, color of the lesion, 
whether pedunculated/ sessile were obtained from the 
submitted biopsy requisition forms. Site of lesion for 
the maxillary and mandibular gingival was divided into 
2 regions as anterior (incisor/cuspids) and posterior 
(premolars/molars). A lesion encompassing more than 
one region was assigned the location it occupied the 
most. Follow up information was based solely on 
recurrent lesions submitted to the department of Oral 
Pathology and Microbiology. 

In histological evaluation, the presence/ 
absence of ulceration was noted. The different 
mineralized products observed in the lesions were 
divided into the following 3 groups: a- Bony trabeculae 
(woven and/or lamellar bone): b- Circumscribed 
amorphous, almost acellular mineralized bodies closely 
resembling acellular cementum or cementum like 
droplets: c- Granular foci of mineralization described 
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as dystrophic calcification. The data collected was 
statistically evaluated using Chi-Square test. 


Results: 

The clinical presentation was assessed on the 
basis of histopathological requisition form. In the present 
study, 35(69%) cases were from the maxilla and 16 
(31%) cases from the mandible. Of the total number 
of the lesions; 37 (73%) cases occurred in the incisor/ 
cuspid region and 14 (27%) cases occurred in the 
premolar/molar region. Out of 37 cases which occurred 
in incisor/cuspid region; 27(73%) cases were seen in 
the maxilla and 10 (27%) cases in the mandible. Out 
of the total number of 14 cases which occurred in the 
premolar/molar region, 8 (57.1%) cases were observed 
in the maxilla and 6 (42.9%) cases were seen in the 
mandible. Thus, location of the peripheral ossifying 
fibroma did not differ significantly in maxilla and 
mandible (p=0.277) 

The age range was from 12 years to 65 years 
with a mean age of 38.5 years. Of the total 51 cases, 
19 (37%) were males and 32(63%) were females. In 
the present study, there was no significant association 
between the age group & gender (Table I). 


TableI: Distribution of Peripheral Ossifying Fibroma between 
gender in different age groups. 


Gender p- 
Male Female Total squire value 
Age = 11-20yrs Number 7 12 19 
%within (36.8%) (37.5%) (37.3%) 
Gender 
21-30yrs Number 4 7 11 0.139 0.998 
%within 21.1% 21.9% 21.6% 
Gender 
31-40yrs Number 2 4 6 
%within 10.5% 12.5% 11.8% 
Gender 
41-50yrs Number 3 4 7 
%within 15.8% 12.5% 13.7% 
Gender 
>50yrs Number 3 5 8 
%within 15.8% 15.6% 15.7% 
Gender 
Total Number 19 32 51 
%within 100.0% 100.0% 100.0% 
Gender 


The POF was described as a localized, 
exophytic lesion on the gingiva with a sessile base in 
32 cases and pedunculated base in 14 cases. The lesion 
was like a ‘cauliflower’ in 5 cases. The colour of the 
lesion ranged from pink to reddish pink. In 8(16%) cases, 
the clinician suspected it to be originating from the 
interdental papilla of the adjacent tooth. In remaining 
cases, it was not specified. 
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Clinicians reported that 10(19.6%) cases were 
associated with chronic local irritation such as 
periodontally involved tooth gingivitis or calculus 
accumulation, while in 2(4%) cases orthodontic 
appliance was believed to be the etiological factor. No 
information was provided for the remaining 38 cases. 
The information on size and duration of the lesion has 
been shown in Table II. The provisional clinical diagnosis 
was provided for all the 51 cases (Table HI). 


Table II: Size and duration of the lesion. 


Clinical Feature Number ofcases Percentage 
Size of the lesion 

<leom 35 68% 
1-2cm 8 16% 
3cm 8 16% 
Duration of the lesion 

3 weeks-8 months 33 64% 

9 months-24 months 10 20% 
>24 months 4% 
Not mentioned 6 12% 


Table II: Provisional clinical diagnoses submitted for 51 
cases of POF. 


Provisional clinical Number ofcases Percentage 
diagnosis 

Pyogenic granuloma 30 59% 
Irritational fibroma 12 24% 
Papilloma 7% 
Peripheral giant cell 3 6% 
granuloma 

Inflammatory 2 4% 


hyperplasia 


Out of 51 cases of POF, in 15 (29%) cases 
discontinuity in the surface epithelium was observed 
indicating ulceration. Although in most of the cases, 
surface epithelium appeared to be of normal thickness, 
some cases exhibited increased number of spinous cell 
layer, leading to hyperplastic epithelium. In the presence 
of ulceration, the surface epithelium was covered with 
fibrinous exudate with acute inflammatory cells 
(polymorphonuclear neutrophils) and very few chronic 
inflammatory cells. The adjacent epithelium was 
parakeratinized/orthokeratinized and was also 
hyperplastic in some cases. In 12(24%) cases, lesion 
exhibited highly cellular fibroblastic tissue and scanty 
collagen fibres with mineralized products. Remaining 
were fibrous lesions composed of moderate to dense 
collagenous connective tissue with areas of fibroblastic 
activity and mineralization. The fibroblasts exhibited 
round/ oval /spindle shaped nuclei. In some cases, the 
fibroblasts showed the arrangement of fascicles in the 
form of small fibre bundles. Chronic inflammatory cells 
mainly lymphocytes and plasma cells were observed 
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in the connective tissue and the vascularity varied in 
different cases. 

Different types of mineralizations were 
observed as shown in Fig.I. Trabeculae of woven and/ 
or lamellar pattern were noticed in 31 (61%) cases 
(Fig. I). Lacunar spaces were also present in some of 
these trabeculae. The connective tissue surrounding 
the bony trabeculae appeared to be less cellular. The 
dystrophic calcification was observed in 14 (27%) cases 
and the mineralized material ranged from small clusters 
of basophilic granules to large, solid and irregular 
masses. Cementum like droplets were usually 
basophilic, having a smooth border and ranged in size 
from small spherical or oval bodies (Fig. III) to very 
large globules and were present in 6(12%) cases. 

According to the biopsy requisition forms, the 
lesions were treated by excisional biopsy or surgical 
excision. In this series of 51 cases, 2 cases had 
recurrence in a period of 3 years while no information 
regarding recurrences was available for the remaining 
cases. 


12% 


@ Bone (Woven and lamellar) 
B Dystrophic calcification 


@ Cementum like material 


27% 


Fig 1. Distribution of different types of mineralization in POF 


Fig II: Photomicrograph showing mineralization in the form of 
trabeculae of bone. (H & E Stain, X10). (Star indicating the surface 
epithelium and arrow showing trabeculae of bone). 


Discussion: 

Peripheral ossifying fibroma elaborate bone, 
cementum and spheroidal calcifications, which has 
given rise to various terms for this reactive lesion 


People’s Journal of Scientific Research 


Fig III: Photomicrograph showing mineralization in the form of 


cementum like droplets. (H & E Stain, X10). (Star indicating the 
surface epithelium and arrow showing cementum like droplets). 


including peripheral cemento-ossifying fibroma. When 
bone predominates, ‘ossifying’ is the appellation; while 
the term ‘cementifying’ has been assigned when 
curvilinear trabeculae or spheroidal calcifications are 
encountered. When bone and cementum-like tissues 
are observed, the lesions have been referred to as 
peripheral cemento-ossifying fibroma (Yadav & Gulati, 
2009). The observation of identical cementum-like 
tissue in lesions in extra-gnathic sites suggest that this 
tissue may merely be a normal variant of bone and 
that dental cementum itself is a specialized form of 
“bundle-bone”. The designation, ossifying fibroma is 
now regarded as more appropriate. (MacDonald- 
Jankowski, 2004; Speight & Carlos, 2006; Yadav & 
Gulati, 2009). 

The etiology and pathogenesis of POF is not 
clear (Cuisia & Brannon, 2001; Gracia de Marcos et 
al, 2010). It has been suggested that these lesions 
originate in the cells of the periodontal ligament as it 
exclusively appears in the gingival tissue close to the 
periodontal ligament; (Kumar et al, 2006; Kenny et al, 
1989; Miller et al, 1990). Oxytalan fibres are found 
within the mineralized matrix of some lesions (Wright 
& Jennings, 1979). The age distribution of the lesion is 
inversely proportional to the number of permanent teeth 
lost (Kumar et al, 2006; Miller et al, 1990). The 
fibrocellular response of POF is similar to that of other 
reactive gingival lesions originating in the periodontal 
ligament (Kumar et al, 2006). Further evidence of the 
fibroblastic-myofibroblastic nature of the lesion and a 
possible origin in the periodontal ligament has been 
provided. The immunohistochemical profile of 4 cases 
of POF indicated that the proliferating cells are of a 
myofibroblastic nature i.e., cells sharing morphological 
characteristics with fibroblasts and muscle cells 
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(Gracia de Marcos et al, 2010). Furthermore, high 
female predilection, rare occurrence in the first decade, 
and decline in incidence after 30 years of age suggests 
that hormonal influence may be a lesional growth factor 
(Kenny et al, 1989; Miller et al, 1990; Whitaker & 
Bouquot, 1994). However, an immunohistochemical 
study on 4 female cases of POF did not show estrogen 
or progesterone receptor positivity (Gracia de Marcos 
et al, 2010). Other factors that have been implicated 
in the etiopathogenesis of POF are trauma and local 
irritants such as plaque, calculus, ill fitting dental 
appliances and microorganisms (Cuisia & Brannon, 
2001; Gracia de Marcos et al, 2010; Moon et al, 2007). 

In the present study, the age ranged from 12 
to 65 years. The majority of the lesions occurred in the 
second decade with a declining incidence in later years. 
(Kenny et al, 1989; Eversole & Rovin 1972; Skinner et 
al, 1986). Literature revealed 2 cases of POF presenting 
at birth, diagnosed clinically as congenital epuli (Yip & 
Yeow, 1973; Kohli et al, 1998). Cuisia & Brannon (2001) 
reported that only 134 out of 657 diagnosed cases of 
POFs were in the pediatric age group (0-19 years) 
with 8% of them being in the first decade. Some studies 
have shown peak incidence of POF in the fifth decade 
(Zhang et al, 2007; Shamim et al, 2008). 

The high female predilection in the present study 
is supported by similar findings in the literature (Cuisia 
& Brannon, 2001; Kenny et al, 1989). The female to 
male ratio reported in the literature ranges from 
1.22:1(Zhang et al, 2007) to 4.3:1. (Eversole & Rovin, 
1972). 

The lesion may be present for months to years 
before the treatment, depending on the degree of 
ulceration, discomfort and interference with function 
(Buchner & Hansen, 1987; Bhaskar & Jacoway, 1966). 
Approximately 60% of POFs occur in the maxilla 
(Kenny et al, 1989; Zhang et al, 2007). They occur 
more often in the anterior than the posterior area 
(Kenny et al, 1989; Zhang et al, 2007; Das & Das, 
1993) with 55%—60% presenting in the incisor-cuspid 
region (Cuisia & Brannon, 2001; Eversole & Rovin, 
1972; Zhang et al, 2007). Cuisia & Brannon (2001) 
reported 2 cases, which were intimately associated with 
primary teeth. Kendrick & Waggoner (1996) reported 
a case involving the interdental papilla, between the 
mandibular left second primary molar and first 
permanent molar. 

Peripheral Ossifying Fibroma can be 
pedunculated, or it may be sessile (Cuisia & Brannon, 
2001; Bhaskar & Jacoway, 1966). This lesion can be 
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pink to reddish pink in colour and its surface may be 
smooth or irregular; it may be ulcerated or 
nonulcerated. In the present study, size varied from 
<1 cm to 3 cm. Some studies have reported a range 
from 0.2—3.0 cm (Buchner & Hansen, 1987; Cuisia & 
Brannon, 2001),4 mm-—8 cm (Bhaskar & Jacoway, 
1966; Bodner & Dayan, 1987), and some lesions may 
be as large as 9 cm in diameter (Poon et al, 1995). In 
the present study, 15(29%) cases were ulcerated in 
contrast to other studies which reported ulceration in 
more than 50% of the cases (Buchner & Hansen, 1987; 
Cuisia & Brannon, 2001). Ulceration has been observed 
as a common finding because of its exophytic growth, 
gingival location and its presence in trauma prone 
region. 

The gingival lesions that closely resemble POF 
are pyogenic granuloma, peripheral giant cell granuloma, 
fibroma and peripheral odontogenic fibroma (Cuisia & 
Brannon, 2001). Many investigators have reported the 
clinical similarity and distinguishing features between 
POF and above mentioned lesions (Flaitz, 2000; Brown 
& Houston, 1990). 

Histologically, the POF consists of fibrocellular 
tissue with areas of more delicate fibrovascular tissue. 
Within the cellular areas, ossification is usually present, 
which vary both in quality and quantity (Buchner & 
Hansen,1987). In the initial stage, when the lesion is 
composed of cellular fibroblastic tissue with minute 
granular foci of mineralization, it might be misdiagnosed 
as pyogenic granuloma. They suggested that the lesion 
usually starts with an ulcerated phase, showing highly 
cellular fibroblastic connective tissue containing areas 
of dystrophic calcification. As the ulcer heals, the 
cellular fibroblastic connective tissue matures and 
dystrophic calcification turns into bone. Similar process 
of maturation was suggested by other authors (Moon 
et al, 2007; Southam & Venkataraman, 1973). 
Mineralization can vary between cementum-like 
material, bone (woven and lamellar) and dystrophic 
calcification (Buchner & Hansen, 1987; Zain & Fei, 
1990). Small islands of odontogenic epithelium have 
been reported in some cases (Bhaskar & Jacoway, 
1966; Kenny et al, 1989) which may be representing 
remnants of the dental lamina. 

To avoid recurrence, treatment requires proper 
surgical intervention that ensures deep excision of the 
lesion including periosteum. Thorough scaling and root 
planing of adjacent teeth and/or removal of other 
sources of irritants should be accomplished (Cuisia & 
Brannon, 2001). Walters et al (2001) suggested that 
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several different surgical approaches may potentially 
be used to repair the resultant gingival defect with due 
aesthetic concerns for the patient. Recurrence rates 
have been reported from 7% to 45% (Buchner & 
Hansen, 1987; Kenny et al, 1989; Eversole & Rovin, 
1972). In the present study, only 2 (3.92%) cases had 
recurrence in a period of 3 years, no information 
regarding recurrence was available for the remaining 
case. 


Conclusion: 

The result of the present study shows that the 
peak incidence of occurrence of POF is in the 2" 
decade, and it is more common in females. POF occurs 
most often in the maxillary incisor-cuspid region but 
may occur at any gingival site. Clinically it is difficult 
to differentiate between most of the reactive gingival 
lesions particularly in the initial stages and the tissue 
has to be histologically examined for confirmation. 
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Abstract: 


Sexual dimorphism in human corpus callosum is controversial, and only a limited number of studies have been 
done on foetuses. Corpus callosum of 50 foetal brains, 25 male and 24 female were studied however, one foetus with 
undifferentiated sex, was excluded from the present study. The crown rump length (CRL) and the brain weight of these 
foetuses ranged from 5 to39 cm and 10 to 550 gm. Brain was divided into two equal halves by median section after fixation. 
The length of the corpus callosum, pre-callosal and post-callosal lengths, were measured on the medial aspect of each 
cerebral hemisphere. The thickness of splenitum was measured in the sagittal section. The brain weight increased with 
increase in the CRL length in all the foetuses. The average length of the corpus callosum was more in males than in females. 
The z test value was 1.3871, which is not significant. The thickness of splenium was more in females than male. The z test 
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value was 2.28, which is highly significant. Sex difference was not observed in any of the other parameters. 


Key Words: Cerebral hemispheres, Corpus callosum, Dimorphism, Splenium. 


Introduction: 

The corpus callosum (Latin: tough body), also 
known as the callossal commissure, is a wide, flat 
bundle of neural fibers beneath the cortex in 
the eutherian brain at the longitudinal fissure. It 
connects the left and right cerebral hemispheres and 
facilitates inter-hemispheric communication. It is the 
largest white matter structure in the brain, consisting 
of 200-250 million contralateral axonal projections 
(http://en. wikipedia.org/wiki/Corpus_ callosum). 
Several sex-specific genes not dependent on sex 
steroids are expressed differently in male and female 
human brains. Structural sex difference begins 
recognizable by 2 years of age and include size and 
shape of the corpus callosum, certain hypothalamic 
nuclei and the gonadotropin feedback response to 
estradiol. There are disputed claims about the 
difference in the size of the human corpus callosum in 
men and women and its relationship to gender 
differences in human behaviour and cognition (Gupta 
et al, 2011). Sexual dimorphism in human corpus 
callosum is controversial, and only a limited number of 
studies have been done on foetuses. Therefore, the 
present study was taken up. 


Materials and Methods: 
Fifty foetuses were obtained from hospital of 
Maharaja’s Institute of Medical Sciences, local 
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government and private hospitals after getting 
necessary permissions from the concerned parents. The 
gestational age of the aborted foetuses ranged from 
10 to 40 weeks. Crown Rump (CR) length was 
measured, and from it, gestational age was computed 
(Hamilton et al, 1972). 

A median section of the brain was cut after 
fixation and the following measurements of the corpus 
callosum were taken on the medial aspect of each 
cerebral hemisphere. Even though, 50 foetal brains were 
obtained, one brain having a flat hemisphere was 
excluded from this study. Out of the remaining 49 brains, 
corpus callosum measurements of 5 female foetal brains 
and 5 male fetal brains could not be recorded due to 
damage to parts of the corpus callosum and hence, 
their measurements are not shown in the data and 
marked as asterisk (*) in table I and H. Following 
measurements of remaining 78 sagittal sections of 39 
brains (20 male and 19 female) were taken: 


1. Length of the corpus callosum (CCL)-The distance 
between rostrum and splenium of corpus callosum, 
2. Pre-callosal length was measured from genu to 
frontal pole 

3. Post-callosal length was measured from splentum 
to occipital pole 

4. Thickness of splenium was measured by a graduated 
metal scale from the inner surface of the copus 
callosum, that is from ventricular cavity at the level of 
splenium to the summit of the outer surface of splenium 
where there is the maximum thickness, in the sagittal 
section. 
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a) 12 wks, 


Fig. I: Corpus callosum in female fetuses: b) 22 wks, 


Observations: 

During the first trimester in females, the corpus 
callosum is very small measuring a length of 12 mm 
with pre-callosal and post-callosal length of 6 mm 
(Fig.Ja). During mid weeks of second trimester it 
measured approximately thrice the length of first 
trimester that is 34 mm (Fig.Ib). By the end of second 
trimester, it reached a length of 44 mm. At 29 wks of 
gestation, the corpus callosum measured a length of 
41 mm (Fig. I c). By 40 wks gestation, it increased to 
a length of 70 mm with pre and post callosal length of 
30 and 41 mm respectively (Fig. Id). The thickness of 
the splenium of the corpus callosum increased from 3 
to 10 mm in female foetuses. 

Male foetuses of first trimester could not be 
procured, therefore, the observations were made from 
second trimester onwards. In males, the corpus callo- 
sum measured a length of 18 mm with pre and post- 
callosal length of 10 and 11 mm respectively (Fig. Ia). 
It measured 32 mm at 22 and 23wks of gestation 
(Fig.IIb) and the pre and post-callosal lengths were 16 
and 22 mm respectively. At 30 wks of gestation, the 
corpus callosum measured 43 mm (Fig. IIc). By 39 wks, 
it increased to a length of 68 mm with pre and post 
callosal length of 25 and 38 mm respectively (Fig.Hd). 
The thickness of the splenium of the corpus callosum 
increased from 3 mm to 7 mm in male foetuses. 
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c) 29 wks & d) 40 wks. 


Table I: Length of corpus callosum, pre and post callosal 
lengths and thickness of splenium in female brains. 


Age Length of Pre-callosal Post-callosal Thickness of 
(wks) Corpus length length Splenium 
callosum(mm) (mm) (mm) (mm) 
1 1 * * * * 
12 12 06 06 03 
12 12 06 06 03 
13 12 07 06 03 
17 * * * * 
17 16 10 15 04 
17 17 07 11 04 
18 22 09 15 06 
18 26 08 16 06 
22 34 14 16 06 
22 30 15 17 06 
23 35 15 20 07 
24 39 13 24 06 
24 44 18 21 07 
25 * * * * 
25 * * * * 
26 40 15 32 07 
26 43 17 29 08 
27 * * * * 
29 41 17 28 07 
37 60 28 38 07 
37 58 23 35 08 
40 69 19 44 10 
40 70 3 41 10 


* Indicate parts of the brain tissue of fetuses that has been damaged 
The repeated weeks in the table I & II indi- 

cate the number of foetuses in that particular gesta- 

tion. The average length of the corpus callosum is 
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Fig. Il: Corpus callosum in male fetuses: a) 16 wks, 


b) 22 wks, 


Table II: Length of corpus callosum pre and post callosal 
lengths and thickness of splenium in male fetuses. 


Age Length of Pre-callosal Post-callosal Thickness of 
(wks) Corpus Length Length Splenium 
callosum (mm) (mm) (mm) (mm) 
14 * * * * 
16 18 10 11 03 
19 30 14 18 03 
20 31 15 18 03 
22 32 16 18 04 
23 32 16 22 03 
25 35 13 32 04 
25 * * * * 
25 39 13 33 04 
27 45 LS: 27 04 
28 39 18 30 05 
29 * * * * 
30 43 21 31 04 
3) 48 19 30 04 
31 50 20 36 05 
33 a5 23 3a 05 
34 50 28 30 06 
34 62 26 40 05 
36 * * * * 
36 * * * * 
38 60 30 32 05 
39 58 30 36 06 
39 62 25 45 07 
40 62 21 41 06 
40 68 25 38 07 


* Indicate parts of the brain tissue of fetuses that has been damaged. 
more in males than in females. The z test value is 
1.3871, which is not significant. The thickness of 
splenium has increased in females than in males. The 
z test value is 2.28, which is highly significant (Table 
Ill). 
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c)30 wks & d) 39 wks 


Table. III: Z-test value for length of corpus callosum and 
thickness of splentum between male and female corpus 
callosum: 


Length of corpus Thickness of 


callosum corpus callosum 

Male Female Male Female 
Mean 42.55 35.7894 4.7619 6 
Standard 12.0104 17.7273 1.3380 2.0976 
Deviation 
Standard 4.8736 0.5429 
Error 
z-value 1.3871 2.2803 
Discussion: 


Shape and size of the human foetal corpus 
callosum of a relatively racially homogeneous southern 
Indian population were studied. Significant absolute 
increase occurred in callosal length in female foetuses 
with the increase in gestational age (Koshi et al, 1997). 
The present findings are in agreement with the 
observations of above workers. 

Bishop & Wahlsten (1997) indicated that, on 
an average, males have larger brains than females and 
that the average size of their corpus callosum is larger. 
The findings of the present study showed that the 
average length of the corpus callosum was 42.55mm 
in males which was more as compared to females (35.78 
mm). The thickness of splenium is more in females than 
males. Dubb et al (2003) demonstrated that females 
had a larger splenium than males (p<0.001 uncorrected 
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for multiple comparisons) while males possessed a 
larger genu. The findings of the present study are in 
agreement with the above observations. DeLacoste- 
Utamsing & Holloway (1982) observed that the female 
splenium is more bulbous and larger than the male 
counterpart. Since peristriate, parietal, and superior 
temporal fibers course through the splenium, this finding 
could be related to possible gender differences in the 
degree of lateralization for visuospatial functions. 
Occipital fibres also pass through splenium (Dougherty 
et al, 2005). Larger splenitum implies a larger number 
of fibers, and that the number of interhemispheric fibers 
correlates inversely with lateralization of function (Weis 
et al, 1989). In the present study, absolute increase 
occurred in the length of the corpus callosum in females 
(Table I) than in males (Table II). 

In the present study the pre-callosal and post- 
callosal measurements are more in females than males, 
which could be due to rapid increase in the antero- 
posterior axis. 

The present findings suggesting sexual 
dimorphism of human corpus callosum, raise the 
possibility that prenatal sex hormones may play a role 
in determining callosal development. Corpus callosum, 
being the major structure connecting both the 
hemispheres, is likely to be affected by the physiological 
as well as pathological changes occurring in the cortical 
and sub cortical regions of brain (Gupta et al, 2011). 
Therefore, different sub regions of the corpus callosum 
may be affected depending upon the region of the brain 
involved, as almost all the fibres connecting opposite 
hemispheric regions pass through specific callosal sub 
regions. Therefore, any alteration in the corpus callosum 
morphology, may give a clue towards the time of 
occurrence of specific disease process. A knowledge 
of the corpus callosum morphology, the gender and age 
related changes, may be helpful in providing baseline 
data for the diagnosis of a disease and its progression 
(Gupta et al, 2011). 
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Abstract: 


Pain free postoperative period and early ambulation are the need of the day for mothers caring for their 
neonates.The use of adjuvants in spinal analgesia has gained popularity in recent times. This prospective randomized 
study was carried out among 120 patients scheduled for elective caesarian section. They were divided into 4 groups. 
Group A (Control) received Injection Bupivacaine (Hyperbaric) along with 0.9% Normal saline, Group B, C and D received 
Clonidine 75 yg, Fentanyl 25 wg and Midazolam 2.5 mg along with injection Bupivacaine (H) respectively. 

The results of the present study showed that intrathecal Clonidine, Fentanyl and Midazolam can be used safely 
in parturient, provided strict protocol for preloading is followed by vigilant operative and post-operative monitoring by 
a trained person. Requirement of postoperative analgesics was found to be significantly reduced in all the study groups 
when compared with the control group. The highest duration of pain relief was found with Clonidine. Adverse effects were 


minimal and could be easily managed; no adverse foetal effect was noted with the use of any drug in this study. 


Key Words: Clonidine, Fentanyl, Midazolam, Hypotention & Preloading. 


Introduction: 

Considering the special group of patients 
(Mothers) undergoing caesarean section, it is moral 
responsibility of Anaesthesiologist to provide a safe and 
pain free postoperative period with various drug 
combinations and techniques. 

The .,-adrenergic agonist Clonidine has a 
variety of different actions including the ability to 
potentiate the effects of local anesthetics (Eisenach et 
al, 1996). Intrathecal Clonidine is being extensively 
evaluated as an alternative to neuraxial opioids for 
control of pain and has proven to be a potent analgesic, 
free of some of the opioid-related side effects (Neves 
et al, 2006). 

Fentanyl, a phenylpiperidine derivative, is a 
synthetic pp opioid receptor agonist. It is preferred as 
an adjuvant in spinal anaesthesia because of its rapid 
onset and short duration of action with lesser incidence 
of respiratory depression. Intrathecal Fentanyl 
improves the quality of spinal anaesthesia without 
having any deleterious effects on the neonate or mother 
(Hunt et al, 1989). 
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Discovery of benzodiazepine receptors in 
spinal cord triggered the use of intrathecal Midazolam 
for analgesia (Mohler & Okada, 1977). Several 
investigators have shown that intrathecal or epidural 
administration of Midazolam produces a dose dependent 
modulation of spinal nociceptive processing in animals 
and humans and is not associated with neurotoxicity, 
respiratory depression or sedation (Naguib et al, 1995). 
This study was designed to evaluate the characteristics 
of the spinal block achieved with the use of adjuvants 
with Bupivacaine and whether the use of intrathecal 
Clonidine had any advantage over the others. 


Materials & Methods: 

This was a prospective, randomized 
comparative study; randomization was done by 
computer generated data. The study was initiated after 
obtaining permission from the Institutional Ethical 
Committee. Pre-operative evaluation included thorough 
clinical history and examination as well as requisite 
investigations. Patients with height less than 150 cm, 
any contraindication to regional anaesthesia and any 
known drug allergy were excluded from the study. 
All patients were explained about Ten Point visual 
analogue scale (VAS). One hundred twenty women 
of ASA (American Society of Anesthesiologist) status 
I or II scheduled for lower segment elective caesarean 
section (LSCS) were included in the study. 
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Written informed consent was obtained from 
all patients. Patients were randomly allocated to 4 
groups of 30 each to receive either 2.2ml injection 
Bupivacaine (H) + 0.5ml Normal Saline (Group A) or 
2.2ml injection Bupivacaine (H) + 0.5 ml injection 
Clonidine 75 wg (Group B) or 2.2ml injection 
Bupivacaine (H) + 0.5 ml injection Fentanyl 25u¢ 
(Group C) or 2.2ml Injection Bupivacaine (H) + 0.5ml 
injection Midazolam 2.5mg (Group D). All the study 
drugs were introduced intrathecally, and the total 
volume of agents administered was 2.7 ml. 

In the operation theatre, monitors were 
attached to the patient and parameters like heart rate, 
systemic arterial pressure and peripheral arterial 
oxygen saturation were noted. All patients were pre- 
loaded with 10ml/kg of Ringer lactate and 
premedication of injection Ranitidine 50 mg and 
injection Ondansetron 4 mg. 

Ina sitting position, under all aseptic precautions 
and using midline approach, subarachnoid block was 
achieved in L3-L4 space with 23G Quincke’s spinal 
needle. Drug was injected as per the assigned group. 

Patient was immediately placed in the supine 
position & wedge was placed under the right hip. All 
patients received oxygen supplementation via Hudson’s 
mask at a rate of 4 L/min. The onset of sensory 
analgesia and motor blockade were tested. The level 
of sensory anesthesia, defined as the loss of sharp 
sensation by using a pinprick test (20 gauge hypodermic 
needle), was recorded bilaterally at the mid-clavicular 
line. Motor blockade was assessed with modified 
Bromage score. Time taken for complete motor 
blockade was recorded every minute till first 20 
minutes. 

Time taken to achieve highest sensory level 
was noted. Patient’s heart rate, blood pressure, 
respiratory rate, oxygen saturation were monitored 
every minute initially for 5 minutes, then at 5 minute 
interval for next 30 minutes and then every 10 minutes 
till the end of surgery. Oxytocin infusion of 15U in 500ml 
of Ringer lactate was administered. Foetal assessment 
was done by using Apgar score at 1 min, Smin and 10min. 

Regression of motor blockade and duration of 
postoperative analgesia was noted. Visual Analogue 
Scale was used for assessment of postoperative pain 
relief. At a score of 5, Injection Diclofenac 75mg was 
given intramuscularly as a rescue therapy. 

In the present study, hypotension was defined 
as a decrease of systolic blood pressure more than 
20% of baseline. It was treated with intravenous (IV) 
fluids and Injection Ephedrine Hydrochloride. 
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Bradycardia was defined as a decrease in pulse rate 
to less than 60 per min and was treated with IV 
injection of Atropine Sulphate 0.6mg. All patients were 
observed for next 24 hours. Any period during operative 
and postoperative period till 24hrs was recorded and 
treated accordingly. 

Results were statistically analysed. The 
comparison of normally distributed continuous variables 
between the groups was performed by one-way 
analysis of variance (ANOVA) and followed by 
Dunnett’s multiple comparison test. 


Results: 

The study & control groups did not differ 
significantly with respect to any demographic variables 
(Table I). 


Table I: Demographic parameters in all 4 groups. 


Demographic Group A Group B Group C Group D 
Variables 
Age(yrs)  23.0041.92 23.6344.17 22.5042.31 22.1242.12 


Weight(Kg) 54.6043.29 54.4343.44 54.6642.80 54.82+2.12 
Height(cm) 153.70+2.43 152.83+42.06 153.00+2.05 153.12+2.10 
26/4 


*ASA I/II 26/4 28/2 273 


* American society of anesthesiologists (ASA) 


Mean time for surgical anaesthesia at L1 in Min 


Group A 
Fig.I: Mean time for surgical anaesthesia at L1 in Min. 


Group B Group C 


Mean total duration of analgesia in Min 


Group A 
Fig.II: Mean total duration of analgesia. 


Group B Group C Group D 


The mean time required for surgical 
anaesthesia at L1 in groups A,B,C and D were 1.14 + 
0.44, 0.76 + 0.42, 0.80 + 0.31 and 1.08 + 0.38 minute 
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respectively (Fig. I). Total duration of analgesia was 
significantly higher in Clonidine, Fentanyl and 
Midazolam groups as compared to the control group 
(p<0.001) & was also statistically significant when 
compared with each other. When group B was 
compared with C & D, the difference was significant 
for group C (p=0.03) and for group D (p=0.004). 
Duration of analgesia, for group B was 426.70 + 151.83, 
group C was 284.67 + 30.19, for group D was 270.54 
+ 36.22 and group A was 146.83 + 26.60 minutes 
(Fig.I]). Mean Apgar scores at 1, 5 and 10 minutes 
were comparable among all the 4 groups. 

Though, the mechanism of side effects were 
different among the study drugs, their incidence was 
comparable, and data was not significant statistically 
(Table II). 


Table II: Comparison of side-effects in all the 4 groups. 


Side Group A GroupB GroupC GroupD p-value 

effects 
Hypotention 12(40%) 10(33.3%) 12(40%) 11(36.6%) 0.94 
Bradycardia 1(3.3%)  -- —«-1(13.3%) = 0.56 
Nausea/ 3(10%) -- 2(6.7%) -- 0.13 
Vomiting 
Shivering 4(13.3%)  --  3(10%) 0.05 
Itching = ee BGT): «oa 0.10 
Sedation --  4(13.3%) == 6(20%) 0.05 


The hemodynamic parameters are as depicted 
graphically (Fig. III, [V & V). 


Discussion: 

In the present study, the effects of addition of 
different adjuvants to Bupivacaine were observed to find 
out the best additive among them by weighing effects 
versus side effects. Various studies have demonstrated 
that addition of Clonidine to bupivacaine, even in very 
small doses, significantly improves the onset and duration 
of sensory block. This action of clonidine is because of 
spinal cord anti-nociception via post-junctional 02- 
adrenoreceptor mediated noradrenaline release in the 
dorsal horn (Eisenach et al, 1996). In the present study, 
immediate postoperative analgesia was better with 
Clonidine (Group B) as observed by a significant delay 
in the first request for analgesia, less need for rescue 
analgesic diclofenac and lower VAS score in this group. 
Duration of analgesia was noted to be upto 120 minutes 
in a study by van Tuijl et al (2006) in contrast to the 
present study where analgesia remained for 426.6 
minutes, which is much longer than above study. 

In the present study the onset of surgical 
anaesthesia at Ll] was early in Clonidine group as 
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compared to Fentanyl, Midazolam and Control groups 
(p<0.001). The duration of analgesia with Fentanyl was 
284.66 minutes as is line with earlier studies by Biswas 
et al (2002) and Belzarena (1992); 12.5ug Fentanyl 
produced analgesia that lasted for 248 + 11 minutes 
(Biswas et al, 2002) and duration of analgesia with 
25g Fentanyl was noted to last for 305 + 89 minutes 
(Belzarena, 1992). In the present study, muscle 
relaxation was found to be good in patients who 
received Clonidine as judged by surgeons; this is in 
accordance with the study by Kothari et al (2011) and 
Ogun et al (2007). 

The duration of analgesia with Midazolam was 
270.54 + 36.22 minutes in the present study. However, 
in a study with intrathecal lignocaine and 2 mg 
Midazolam in LSCS patients, analgesia lasted for 196.5 
+ 3.3 minutes (Sen et al, 2001). A preclinical study has 
demonstrated the potential role of spinal benzodiazepine 
receptors in segmental anti-nociceptive action of 
intrathecal midazolam. Administration of benzodiazepine 
antagonist flumazenil and GABA-A antagonist 
(Bicuculline) has been reported to reverse the analgesic 
effect of intrathecal Midazolam, suggesting that 
antinociceptive action is mediated via benzodiazepine/ 
GABA-A receptor complex which are abundantly 
present in lamina II of dorsal horn ganglia of spinal 
cord (Edwards et al, 1990). 

Comparable Apgar score in all the groups at 
1, 5 and 10 minutes signifies that Clonidine , Fentanyl 
and Midazolam have no deleterious effect on the 
neonates and mothers. Further, there is very little 
information, and no evidence that any anaesthetic agent 
given in a single dose, is secreted in clinically significant 
amounts in breast milk (Rolbin & Morgan, 2002). 

Hypotension and bradycardia are the most 
commonly reported adverse events in women 
undergoing LSCS with the use of intrathecal Clonidine. 
It is of utmost importance to prevent and treat 
hypotension promptly in this special group of patients, 
so as to maintain the uteroplacental circulation for a 
better foetal outcome . In the present study, hypotension 
occurred but was not statistically significant. 
(p=0.94). This could be because all patients in the 
present study were preloaded with 10ml/kg of Ringer 
lactate and wedge was provided immediately after 
spinal block. This observation was at par with the 
findings of van Tuijl et al (2006) who in their study 
with 75ug intrathecal Clonidine noted that although 
mean arterial pressure (MAP) decreased but was not 
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Fig.V: Mean diastolic blood pressure in control and study groups. 


clinically important. 

Visceral pain is a common problem in the 
casarean section under spinal anesthesia. It is a poorly 
localized type of pain that appears to come from deep 
structures of the body. It is often associated with 
autonomic activity causing nausea, vomiting, sweating 
with change in blood pressure and heart rate. Visceral 
pain in the casarean section is experienced, when the 
uterus is exteriorized and peritoneum is closed. In the 
present study, patients of the control group, Midazolam 
and Fentanyl groups experienced pain, nausea and 
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vomiting during operation, but none of the patient from 
Clonidine group had above effects. Dobrydnjov et al 
(2002) states that the incidence of visceral pain could 
be reduced with a lower dose of Bupivacaine (8 mg) 
by adding 50ug of Clonidine. They further observed 
that by the addition of Clonidine, adequate depth of 
spinal anesthesia can be achieved at much lower doses 
of Bupivacaine. 

Sedation was observed in 4 patients in Clonidine 
group and 6 patients in Midazolam group, but there 
was no respiratory depression or fall in saturation. 
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None of the patient from any group needed active 
oxygen supplementation. 

Pruritus was reported in 3 patients and nausea 
and vomiting in 2 patients in Fentanyl group. Urinary 
retention is more common after neuraxial opioid 
administration, and is most likely due to opioid receptors 
located in sacral part of the spinal cord promoting 
inhibition of sacral parasympathetic outflow. All the 
patients of the present study, routinely had a foley’s 
catheter for 24 hours, therefore, urinary retention could 
not be evaluated. Patients were also evaluated for any 
neurological deficit during their stay in the hospital as 
well as in their follow up visit. None of the patient in 
the study groups demonstrated any signs of neurological 
deficit which was at par with the findings of Prakash 
et al (2006). 


Conclusion: 

The present study demonstrated that addition 
of Clonidine, Fentanyl and Midazolam to Bupivacaine 
significantly improves the onset and duration of sensory 
and motor block with relative haemodynamic stability, 
prolongs the duration of analgesia and reduce the 
consumption of systemic analgesics in comparison to 
Bupivacaine alone. 

Hence, we suggest that addition of 
preservative free Clonidine is excellent additive to 
Bupivacaine for quality of anaesthesia and prolonged 
duration of analgesia without any deleterious effects 
on the mother and baby. 
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Abstract: 


Pregnancy induced hypertension is one of the common condition of unknown etiology which increases the 
maternal and perinatal morbidity and mortality. The present study was carried out to find the perinatal outcome in intra- 
uterine growth retarted (TUGR) babies born to 110 mothers with pregnancy induced hypertension (PIH) and 100 normotensive 
mothers. The incidence of small for gestational age (SGA) was four times more in the hypertensive group; outcome in 
terms of morbidity and mortality was also statistically significant. The study further revealed that 57.1% babies were 
preterm and intra-uterine growth retarded (IUGR) in the study group, 71% of them being asymmetrical. The study was 
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aimed to know the problems likely to be encountered in early neonatal period. 


Key Words: PIH, IUGR, Asymmetrical, Perinatal. 


Introduction: 

Hypertensive disorder of pregnancy leads to 
higher perinatal and neonatal mortality as compared to 
the outcome in normotensive mothers. Chief 
complications which may arise are intra-uterine growth 
retardation (IUGR) and intra-uterine death due to 
chronic placental insufficiency, prematurity and birth 
asphyxia. The clinician’s challenge is to identify IUGR 
fetuses whose health is endangered in utero because 
of a hostile intra-uterine environment and to monitor 
and intervene appropriately. There is little improvement 
in perinatal and neonatal outcome in hypertensive 
disorders of pregnancies in developing countries. In 
India alone, 6-8 million low birth weight (LBW) infants 
are born annually (Singh, 2010). 

Intra-uterine growth retardation contributes to 
almost two-thirds of LBW infants born in India 
(UNICEF, 2004). 

Pre-eclampsia should probably be regarded as 
a syndrome of heterogeneous origin. Shallow tropho- 
blast invasion of decidual arteries can precipitate pre- 
eclampsia, reduced placental perfusion and causes in- 
sufficient transport of nutrients (Arnholdt et al, 1991). 
It has been hypothesized that fetal growth retardation 
might depend on abnormal placental development 
(Ness & Roberts, 1996). Very few studies have 
been carried out to know the specific and common 
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neonatal complications in growth retarded babies born 
to mothers with PIH, and they too are conflicting 
(Basso et al, 2006). 


Materials & Methods: 

The study was conducted in the departments 
of Pediatrics and Obstetrics & Gynanecology of 
Sultania Zanana hospital and Kamla Nehru Hospital 
attached to Gandhi Medical College, Bhopal. The 
registered pregnant women with hypertension after the 
20th week of gestation with associated proteinuria of 
more than 0.3 gm/I in 24 hour urine collection or more 
than 1gm/] in a random sample, pitting oedema after 
12 hour of rest in bed or weight gain of 5 Ibs or more in 
1 week or both and with or without convulsions, 
attending out patients department (OPD) of Sultania 
Zanana hospital from 1st October, 2010 to 31st January, 
2011 were selected for the present study. Unbooked 
women, women with diabetes, chronic hypertension, 
chronic renal problem, thyrotoxicosis, TORCH positive 
mothers or body weight <40 kg and with history of 
smoking were excluded from the study as they are 
confounding variables known to be associated with both 
PIH and IUGR babies. Healthy normotensive pregnant 
women were included in the control group. After the 
selection of each case of the study group, the next 
registered healthy normotensive pregnant women was 
included in the control group, thus hundred registered 
normotensive healthy pregnant women were taken as 
control. 

Detailed information related to maternal history 
was obtained. Details of labour, mode of delivery, any 
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complications during labour were recorded. Apgar 
score was reocrded at | and 5 minutes (Apgar, 1953). 
Resuscitation measures, if employed were recorded. 
Sex & birth weight of new born were noted; gestational 
age was assessed by modified Ballard scoring system 
(Ballard et al, 1991). Any indication for admission to 
neonatal intensive care unit (NICU), duration of stay 
and final diagnosis at the time of discharge was 
recorded. For categorizing IUGR babies, intra-uterine 
weight chart prepared by Department of Paediatrics, 
All India Institute of Medical Sciences, New Delhi was 
used (Singhal, 1991). Ponderal index (PI) was 
considered for assessment of symmetry of growth 
retardation (Grande et al, 1999). 

Those discharged from hospital earlier than 7 
days, were followed at their home. All other data to 
know perinatal mortality for cases and controls was 
recorded on a proforma especially designed for the 
study. Data was analyzed by the using SPSS version 
12 and students t-tests for statistical significance. 


Results: 

A total of 3010 women delivered at Sultania 
Zanana Hospital from Ist September, 2010 to 31st De- 
cember, 2011, of which 320 (10.63%) had hyperten- 
sion. Out of these 320 cases 110 (34.36%) were regis- 
tered and were included in the present study. One hun- 
dred registered normotensive healthy pregnant women 
were taken as control. Majority of them had pre-ec- 
lampsia (66.36%) and the rest of them had eclampsia 
(33.64%). In the present study, 36.7% mothers were 
between 21-25 years of age. As the maternal age in- 
creased (>35 years), only 4% of them presented with 
PIH. Primigravida (47%) was the commonest risk fac- 
tor associated with PIH, followed by teenage preg- 
nancy (6%) and twin pregnancy (6%). In spite of PIH, 
79.6% babies were born of normal vaginal deliveries, 
4% were assisted delivery and 18.36% were lower 
segment caesarean section (LSCS) delivery. Perinatal 
mortality was highest in multiparous followed by nul- 
liparous women. It was observed, that as the parity 
increases, the number of cases of PIH decreases. 

In the study group, perinatal mortality was 
26.53% against 9.09% in the control group. Perinatal 
mortality was higher in cases having hypertension of 
more than 4 weeks, and was significantly higher in 
mothers having severe proteinuria (> 5 gm/24 hours; 
Table I; p<0.001). Perinatal mortality was high when 
mothers had more than 10 episodes of convulsion. 

Out of 110 deliveries in the study group, there 
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were 104 live births and 6 still births; 66 (60%) babies 
were of low birth weight as compared to 31(31%) in 
the control group. Out of these 110 newborn; 49 
(44.5%) were small for gestational age (SGA) against 
11(11%) in the control group (Fig. I). Mean birth weight 
of babies born to PIH mothers was 1.7 kg as compared 
to 2 kg in the control group (Table II). Amongst 49 
IUGR babies, 3 were stillbirth and 10 died within 7 
days as compared to 1 stillbirth in the control group. 
Perinatal mortality was higher in PIH group as 
compared to SGA in the control group. Preterm IUGR 
in the study group were 57.1 % with 71% being 
asymmetrical IUGR (Fig. I; Table IID). In the study 
group, 75.5% babies required hospitalization as 
compared to 36.36% of the control group (Table J). 
Duration of stay in NICU was more than 7 days in 
32.65% cases of the study group as compared to 9% 
of the control group. Birth asphyxia (40%) was the 
major cause of neonatal death, followed by respiratory 
distress syndrome (20%) and sepsis (20%; Fig. IH; 
Table IV). 
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Fig. I: Distribution of cases in study and control group according to 
gestational maturity 
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Fig. III: Causes of neonatal mortality with HDP 


Table I: Morbidity and mortality of babies according to 


severity in PIH. 
Morbidity Mortality 

. of moth : 
icierciiad eecmiaet of babies of babies 
Mild proteinuria 29 4 
<5 gm/24 hours 
Severe proteinuria 10 
>5 gm/24 hours 
z-value 3.5764 3.6613 
p-value =0.0003 HS =0.0003 HS 


Table I: Weight wise distribution of newborn in study and 
control group 


Weight Study Control 
<lkg 2 0 
1-1.5kg 14 1 
1.5-2 kg 13 2 
2-2.5kg 20 8 


Table II: Distribution of newborns according to gestational 


age and ponderal index. 


Study Control 
group group z-value p-value 
n=49 n=11 
Preterm <0.001* 
2 1 13.405 
(asymmetrical) HS 
= * 
Preterm . 9 3182 0.0015 
(symmetrical) HS 
= 2K 
fe cn, 6 Saige 
(asymmetrical) S 
Term . 9 1.645 =0.099 
(symmetrical) NS 
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Table I: Neonatal complication in admitted IUGR newborn 
in PIH & control. 
Complications Study(37) Control(4) 
Preterm 2) 2 
Neonatal hyperbilirubinemia 
Birth asphyxia 
Respiratory aspiration syndrome 
Sepsis 
Necrotis ing entrocolitis 
Meconium aspiration syndrome 
ICH/IVH 


Discussion: 

Pregnancy induced hypertension is a global 
problem and complicates approximately 10-17% of 
pregnancies (Gilstrap & Ramin, 2002). The incidence 
of PIH in India ranges from 5-15% (Raddi et al, 2009). 
During the study period, a total of 3010 women 
delivered in hospital, of which 320 mothers were 
hypertensive (10.63%). In the present study, majority 
of the hypertensive mothers were between the age 
group of 21-25 years which is at par with the study of 
Nadkarni et al (2001). The results of the present study 
are at par with the study carried out in Saudi Arabia on 
705 consecutive maternities, which showed that women 
at extremes of maternal age, the nulliparous women, 
and high-parity women are at an increased risk of 
developing pre-eclampsia (Lawoyin & Ani, 1996). The 
risk of SGA increased with the severity of PIH 
(Rasmussen et al, 2006). Early diagnosis of pre- 
eclampsia, which indicate severe disease, tripled the 
recurrence risk (Hijartarobottir et al, 2006). In the 
present study, perinatal mortality was higher in severe 
cases of PIH and where duration of PIH was more 
than 4 weeks. Sibai & Barton (2007) also reported 
that severe pre-eclampsia that develops before 34 
weeks of gestation, is associated with high perinatal 
mortality and morbidity. The association of low birth 
weight and SGA was particularly evident with severe 
and early onset pre-eclampsia as compared with milder 
PIH (Rasmussen et al, 2006). 

Fetal growth retardation and PIH are thought 
to be initiated with improper remodeling of the uterine 
spiral arteries caused by inadequate trophoblast 
invasion in early pregnancy, leading to reduced placental 
and fetal perfusion and subsequent dysfunction of the 
maternal vascular endothelium (Roberts & Gammill et 
al, 2005). In the present study, low birth weight babies 
with IUGR were statically significant in the study 
group (p<0.05). This is in accordance with the result 
of Fatemeh et al (2010), who studied 100 hypertensive 
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& 100 normotensive mothers and revealed a difference 
in the birth weight. Preterm asymmetrical IUGR were 
higher in the study group as compared to term 
asymmetrical IUGR in the control group (Fig. I & ID). 
Neonatal intensive care unit admission and duration of 
stay was higher in the study group. This observation is 
similar to that of Fatemah et al (2010). The reason for 
the prolonged stay in NICU was prematurity and its 
associated complications. Shefeer-mimouni et al (2002) 
also observed that SGA, LBW and preterm delivery 
was significantly higher in woman with PIH. The 
neonatal mortality was higher in the study group than 
control in the present study. Vandenbosche & Kirchner 
(1998) also stated that the infants of hypertensive 
mothers have three fold increase in perinatal mortality 
as compared to infants with IUGR who are born to 
normotensive mothers. However, the study carried out 
in Maryland, USA amongst 150 IUGR newborns due 
to isolated placental insufficiency and 98 maternal 
preeclampsia, found no difference in perinatal outcome 
suggesting that birth weight is predictor for adverse 
outcome (Cosmil et al, 2009). 


Conclusion: 

Intra uterine growth retardation remains a 
challenging problem for clinicians; IUGR secondary to 
PIH is associated with significant perinatal mortality 
and morbidity. The primary medical intervention in an 
IUGR affected pregnancy is to ensure delivery of the 
baby at the optimal time, balancing the risks of fetal 
compromise from uteroplacental dysfunction against 
those of prematurity. Early detection of high risk 
individual by well trained personnel and timely referral 
to advanced tertiary centres, early and timely treatment 
of pre-eclampsia may lead to improved perinatal 
outcome. 
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Abstract: 


Asparaginases are known to be the cornerstone for treatment of acute lymphoblastic leukemia (ALL) and are 
used for treatment in all pediatric regimens as well as in the majority of adult treatment protocols. Clinical hypersensitivity 
reactions against commercially available asparaginase have resulted in failure of asparaginase in treatment of ALL in more 
than 60% of cases. Thus, it is required to search for serologically different asparaginase from new organisms for the 
patients exhibiting sensitivity to one formulation of asparaginase, so that they can be switched to another to ensure that 
they receive the most efficacious treatment regimen possible. The present study report E. coli VRY-15, E. coli VRY-8 and 
E. coli VRY-14 as potent producer of L-asparaginase. The L-asparaginase obtained from E. coli VRY-15 showed highest 
specific activity i.e., 19.56 umol/mg. Attempt was made to purify the enzyme. Molecular weight of purified L-asparaginase 
obtained from E. coli VRY-15 was found to be 56 K Da as determined using Sodium dodecy] sulfate polyacrylamide gel 


electrophoresis (SDS- PAGE). 


Key Words: L-asparagine; asparaginase; E. coli; acute lymphoblastic leukemia. 


Introduction: 

Cancer is defined as uncontrolled division of 
cells. Acute lymphoblastic leukemia is cancer of WBC, 
characterized by the excessive multiplication of 
malignant and immature WBC (lymphoblast) in bone 
marrow. Treatment of acute leukemia includes 
chemotherapy, steroids, radiation therapy, intensive 
combined treatments including bone marrow or stem 
cell transplants. Among these, chemotherapy is most 
preferred. The drugs being employed for treatment 
includes prednisolone, dexamethasone, vincristine, 
asparaginase, daunorubicin, cyclophosphamide, 
cytarabine, etoposide, thioguanine, mercaptopurine, 
hydrocortisone, methotrexate etc. Although, variety of 
drugs are available today, but their efficacy in treatment 
of cancers at third and fourth stage is doubtful. Also, 
the side effects caused by these chemotherapeutic 
agents are many such as infertility, secondary neoplasm, 
nausea and vomiting, immunosuppression etc. 

L-asparginase (EC 3.5.1.1), a medically 
important enzyme, hydrolyze L-asparagine (essential 
amino acid) to aspartic acid and ammonia. Since several 
types of tumour cells require L-asparagine for protein 
synthesis, they are deprived of an essential growth 
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factor in the presence of L-asparaginase, thus, resulting 
in cytotoxicity of leukaemic cells. 

L-asparaginase is a relatively wide spread 
enzyme, found in many microorganisms such as 
Aerobacter, Bacillus, Pseudomonas, Serratia, 
Xanthomonas, Photobacterium (Peterson & Ciegler, 
1969), Streptomyces (Dejong, 1972), Proteus (Tosa et 
al, 1971), Vibrio (Kafkewitz & Goodman, 1974) and 
Aspergillus (Sarquis et al, 2004). The fact that not all 
L-asparaginase possess antitumour properties seems 
to be related to the affinity of the enzyme for the 
substrate and factors affecting the clearance rate from 
the system (Cornea etal, 2002). Recently, it has been 
shown that L-asparaginases derived from EF. coli 
and Erwinia carotovora possess antitumor activity 
particularly against acute lymphoblastic leukemia 
(Mashburn & Wriston, 1964). But, administration of 
such enzyme protein for a long duration, in general, 
produces the corresponding antibody in the tissues, 
resulting in anaphylactic shock and may also cause 
neutralization of drug effect. Therefore, search for new 
serologically different L-asparaginase with a similar 
therapeutic effect is highly desirable. The present study, 
is aimed to isolate new potential organisms possessing 
L-asparaginase production capacity. 


Materials & Methods: 
Sample collection: Sewage water samples were 
collected in the sterilized sampling bottles for isolation 
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of FE. coli from different locations of People’s Campus, 
Bhanpur, Bhopal (M.P). 


Isolation of bacterial cultures: In order to isolate 
the E. coli from sewage samples, serial dilution method 
was used (Waksman & Reilly, 1945). Dilution (10°) 
was streaked on the surface of sterilized eosin 
methylene blue agar (EMB) plates and incubated at 
37°C for 24 hours. The colonies possessing green 
metallic sheen (characteristic of E. coli on EMB 
medium) were isolated, purified and preserved on 
Sabouraud’s dextrose agar (SDA) slants. 


Identification of isolated bacterial cultures: 
Identification of isolated bacterial cultures was done 
on the basis of its growth characteristics on different 
differential media and biochemical properties such as 
Gram’s reaction, motility testing, lactose fermentation, 
indole production, methyl red, Voges proskauer (VP) 
reaction, citrate utilization, H,S production, catalase and 
urease tests using a standard protocol (Holt, 1994). 


Determination of asparaginase activity: 

(a) Qualitative assay for production of L- 
asparaginase by isolated FE. coli cultures: Agar 
diffusion technique was used for qualitative assay of 
L-asparginase by isolated bacterial cultures. Modified 
Czapek Dox’s Medium (pH 6.8) supplemented with 
sodium nitrate 2.0gm, potassium chloride 0.5gm, 
magnesium glycerophosphate 0.5gm, ferrous sulphate 
0.01gm, potassium sulphate 0.35gm, sucrose 30.0gm, 
agar agar 12.0gm, L-asparagine (1%w/v), distilled 
water 1000 ml and phenol red (0.009 % w/v) was used 
as an assay medium. Sterilized medium (10 ml) was 
distributed in the presterilized culture tubes to prepare 
stabs. After that a loopful culture of each isolate was 
inoculated on the surface of solidified stabs and 
incubated at 37°C for 24 to 48 hours. Uninoculated 
stab was regarded as a negative control. Stabs were 
examined for change in colour of medium from 
yellowish to pink due to change of pH indicating the 
positive asparaginase activity. Gradation of 
asparaginase activity was done on the basis of the 
extent of colour change of medium. Every experiment 
was conducted in triplicate. 

(b) Production of L-asparaginase: The secondary 
screening of bacterial isolates for L-asparaginase 
production was done on modified M9 broth medium 


People’s Journal of Scientific Research 


30 


R Jain, KU Zaidi, Y Verma & Pooja Saxena 


(pH 7) supplemented with L-asparagine (1%w/v), 
which was inoculated with E. coli cultures and 
incubated for 24 hours at 37°C; 35 ml of medium was 
taken in a conical flask of 150 ml and inoculated with 
1 ml culture of bacteria having density 210° cell / ml 
and incubated at 37°C for 24 hours. After completion 
of the incubation period, culture broth was centrifuged 
at 5,000 rpm for 20 min at 4°C. To assay intracellular 
L- asparaginase enzyme’s activity, cell pellet was 
suspended in 15 ml of 0.1M Tris-HCl buffer (pH 7.4) 
and sonicated using ultra-sonicator for 15 min at 4°C. 
Cell debris was removed by centrifuging at 4°C for 10 
min at 10,000 rpm. 


Agar well diffusion technique: 

The 100p1 of cell free culture broth was 
poured into the agar well of diameter 8mm prepared in 
plates containing modified Czapek Dox’s Medium. The 
filtrate was allowed to diffuse into the medium for 12 
hours at 4°C. The diameter of zone (mm) of L- 
asparaginase activity, as indicated by the formation of 
pink coloured zone around the well against the yellow 
background, was measured. For further studies, 
cultures showing greater enzyme production were 
selected. 


Quantitative assay for production of 
L-asparaginase by isolated bacterial cultures: 

The quantitative estimation of enzyme 
activity was done with selected culture i.e. E. coli 
isolates VRY-8, VRY-14 & VRY-15. Asparaginase 
activity was measured by method of Mashburn & 
Wriston (1963). The rate of hydrolysis of L-asparagine 
was determined by measuring the release of ammonia 
using Nessler’s reaction. The reaction mixture 
contained 0.5 ml of enzyme sample, 0.5 ml of 0.05 M 
Tris-HCl buffer (pH 8.6) and 0.5 ml of 0.04 M L- 
asparagine. The reaction mixture was incubated at 
37°C for 30 min. The enzyme activity was stopped by 
the addition of trichloroacetic acid (TCA 10%w/v). The 
mixture was then centrifugated at 10,000 rpm for 5 
min, and 0.1 ml of the supernatant was taken and to it 
3.7 ml of distilled water was added; 0.2 ml of Nessler’s 
reagent (Himedia) was added to the reaction tube and 
kept at 20°C for 20 min. The absorbance was measured 
at 450 nm using spectrophotometer. The amount of 
ammonia liberated was calculated using ammonium 
standard curve. One unit of L-asparaginase activity is 
defined as release of one micromole of ammonia per 
hour at 37°C and pH 8.6. 
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Determination of protein concentration of crude 
enzyme samples: 

Protein concentration was determined using 
Bovine serum albumin (BSA) as standard by using 
Bradford reagent. Different concentrations of BSA 
were prepared. The volume was made up to 3 ml using 
distilled water; 1 ml of Bradford reagent was added to 
each test tube and mixed well. After 30 min of 
incubation, the absorbance was measured at 595 nm 
by spectrophotometer and the protein content 
determined. The crude enzyme samples were 
processed in a similar manner as described above. 


Purification of L-asparaginase: 

Purification of intracellular L-asparaginase of 
E. coli VRY-15 was done using gel permeation column 
chromatography using Sephadex G-100 and its purity 
was checked using SDS PAGE. Sodium dodecyl sulfate 
polyacrylamide gel electrophoresis was carried out in 
using slab gel of 7% acrylamide in a Tris-HCI buffer 
pH 8.3 containing 0.1% SDS. The gels were stained 
with 0.025 Coomassie brilliant blue R-250 and de- 
stained (Stegemann, 1979). 


Results: 

A total of 35 bacterial strains were isolated 
from 14 different sewage samples (Table I). All the 
isolated bacterial cultures were found to be Gram- 
negative. Their shape varied from bacillus to cocco- 
bacillus. They all were found to be motile and possessed 
green metallic sheen when inoculated on EMB agar 
plates. Lactose fermentation along with production of 
acid and gas was observed with all the isolates. They 


Table I: Isolation of bacterial cultures from sewage water 
samples 


Isolates 
VRY-1, VRY-2 
VRY-3 
VRY-4, VRY-5 
VRY-6, VRY-7, VRY-8, VRY-9 
VRY-10, VRY-11, VRY-12 


Place /Sample source 
Nurses hostel B/block 1 (24) 
Nurses hostel B/ block 2 (20) 
Nurses hostel A / block 1(19) 
Dirty drain ofhostel (tank-1) 
A/block2 (21) 


Nurses hoste 


Nurses hoste 


Nurses hoste 
Nurses hoste 


S 

1 

2 

3 

4 

5 Nurses hostel 
6 Nurses hostel 
7 Nurses hostel 
8 Dirty drain ofhostel (tank-2) 
9 1B/block3 (13) 
Nurses hostel 
1B/block5 (16) 
Nurses hostel 
1A/block 6 (22) 
1 A/block7 (14) 


A/block3 (15) 
A/block 4 (2) 


B/block4 (3) 


A/block5 (17) 


VRY-13, VRY-14 
VRY-15, VRY-16, VRY-17 
VRY-18, VRY-19, VRY-20 
VRY-21, VRY-22 
VRY-23, VRY-24, VRY-25 
VRY-26, VRY-27, VRY-28 
VRY-29, VRY-30 
VRY-31, VRY-32, VRY-33 
VRY-34, VRY-35 
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showed a positive response to indole test and methyl 
red test and negative response to VP and citrate 
utilization test. Results of morphological and 
biochemical studies showed that the isolates belong to 
the genus Escherichia. 

Asparaginase activity varied upto great extent 
among different isolates. Maximum activity of 
intracellular L-asparaginase was recorded in E. coli 
VRY-15 showing 2.0 cm zone of enzyme activity (Fig. 
Ia & Ib) 


Fig. Ia: 
VRY-15. 


Agar diffusion test for L-asparaginase activity in E. coli 


Fig. Ib: L-Asparaginase activity in culture filtrate of E. coli VRY-15 
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followed by VRY-8 and VRY-14 (Table II). It is obvious 
from the table that five of the isolates showed moderate 
activity of this enzyme after 24 h of incubation 


Table II: L-asparaginase activity in isolated bacterial cultures 


L-Asparaginase Activity 
E.coli  InSolidMediu — Extracellular* —Intracellular * 
Isolates After 24h. After 48h. Enzyme Enzyme 


(diameter in cm) (diameter in cm) 


VRY-1 Wt - - 0.4 
VRY-2. Wt - - 0.3 
VRY-3 + + - 0.3 
VRY-4 + + = 0.5 
VRY-5 + + - 0.4 
VRY-6 +++ +++ - 1.3 
VRY-7) +++ +++ - 1.2 
VRY-8 +4+4++ +444 0.3 1.9 
VRY-9 Wt - = 1.3 
VRY-10 +++ +++ - 1.3 
VRY-11 ++ +++ - 13.2: 
VRY-12) +++ +++ 0.2 1.1 
VRY-13. Wt - = 1.0 
VRY-14 +4+4++ 4444+ 0.4 1.9 
VRY-15 ++4+4+4+ 44+4+4++4+ 0.8 2.0 
VRY-16 Wt + 0.2 0.5 
VRY-17 - - - - 

VRY-18 - - - - 

VRY-19 + ++ - 0.2 
VRY-20 2 s a = 

VRY-21 Wt - 0.2 0.4 
VRY-22 = S ss 

VRY-23. +++ +++ z 0.3 
VRY-24 7 7 - a 

VRY-25 + +4 - 0.3 
VRY-26 = 7 s - 

VRY-27 - Wt 0.2 0.3 
VRY-28 - + = 0.2 
VRY-29 7 + 0.1 0.4 
VRY-30 7 7 a 5 

VRY-31 + +44 0.1 1.4 
VRY-32 + +44 = 1.3 
VRY-33 - - - - 

VRY-34 7 + 0.2 0.2 
VRY-35 7 + 2 0.3 


* Excluding the well diameter of 8 mm, + + + + +:Very strong 
activity, + + + +: Strong activity, + + +: Moderate activity, + + or +: 
less activity, W +: Weak Positive. 
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while 6 of them were weak positive and 8 isolates 
showed no asparaginase production even after 48 h of 
incubation. 

The isolates were grown in broth medium in 
order to check intracellular and extracellular L- 
asparaginase producing abilities. Out of 35 isolates, 
only 10 isolates showed extracellular production of 
enzyme while 25 isolates did not show the extracellular 
production of the enzyme. Since most of L- 
asparaginase reported till date are intracellular, thus all 
isolates were also checked for intracellular L- 
asparaginase activity. Twenty seven E. coli isolates 
showed the presence of intracellular L-asparaginase 
(Table II). 

The maximum intracellular activity of L- 
asparaginase was found in the isolate VRY-15 (2.0 cm) 
followed by VRY-8 (1.9 cm) and VRY-14 (1.9 cm). 
Ten of the isolates also showed activity in the range 
of 1.0 to 1.4 cm. Maximum L-asparaginase activity 
was found in the intracellular extract of VRY-15 
showing 19.56 umol/mg of specific activity (Table III). 
Molecular weight of purified L-asparaginase obtained 
from E. coli VRY-15 was found to be 56 KDalton as 
determined by using SDS- PAGE. Molecular weight 
of the enzyme was different from that of commercially 
available L-asparaginase having a molecular weight 
of 31.73 KDalton. 


Discussion: 

Asparagine is an originator of acrylamide and 
is formed during the browning that occurs in frying, 
baking and grilling of products made from cereal or 
potato at temperatures exceeding 120°C (www.who. 
int/ipcs/publications/jecfa/reports/en/ index.html). This 
substance may be carcinogenic and detrimental to 
human genes as it can cause cancer to many 
individuals. Discovery of L-asparaginase (L- 
asparaginase aminohydrolase, EC 3.5.1.1), as a 
medicinal agent for treatment of cancer, was made in 
1922. Asparaginases are enzymes that occur naturally 


Table No. III: L- Asparaginase activity in selected E. coli isolates 


Intracellular enzyme 


Extracellular enzyme 


E.colis Asparaginase Protein Specific Asparaginase Protein Specific 
train Activity Content Activity Activity Content Activity 
(umol/ml) (mg/ml) (umol/mg) (umol/ml) (mg/ml) (umol/mg) 
VRY- 14 0.21 1.246 10.11 2.4 1.856 1.293 
VRY- 15 0.12 0.386 19.56 5.4 1.390 3.88 
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and are distributed among living organisms including 
animals, plants and microbes (Mukherjee et al, 2000; 
Siechiechowcicz & Ireland, 1989; Clementi, 1922) The 
importance of micro-organisms as L-asparaginase 
sources has been focused since the time it was obtained 
from FE. coli and its anti-neoplastic activity 
demonstrated in guinea pig serum (Schawartz et al, 
1966; Boyse et al, 1967). The E. coli and Erwinia 
enzymes were isolated, purified and experimentally 
used as an anti-leukaemic agent in human patients 
(Story et al, 1993). It demonstrated high potential against 
acute lymphoblastic leukaemia (Oettgen et al, 1967). 
Several research groups have studied asparaginase 
production and purification in an attempt to minimize 
impurities that produce allergenic reactions (Gallagher 
etal, 1999). 

Asparaginase II, interferes with the 
incorporation of amino acids into tumour protein in cell 
cultures (Mashburn & Wriston, 1964), it also inhibited 
the synthesis of protein under the direction of 
bacteriophage f2 RNA in cell-free extracts of E. coli 
(Schwartz, 1965). Asparaginase from E. coli is inactive 
against tumour growth and does not interfere with 
protein synthesis in microbial extracts (Schwartz et al, 
1966). 

Since several types of tumour cells require L- 
asparagine for protein synthesis, they are deprived of 
an essential growth factor in the presence of L- 
asparaginase (Savitri & Azmi, 2003). Cancer cells 
differentiate themselves from normal cells in diminished 
expression of L-asparagine (Swain et al, 1993; Manna 
et al, 1995). Hence, they are not capable of producing 
L-asparagine, and mainly depend on the L-asparagine 
from the circulating plasma pools (Swain et al, 1993). 
Effective depletion of L-asparagine results in death of 
leukaemic cells but so far, tumour inhibitory activity 
has been demonstrated only with asparaginases from 
E. coli, Erwinia aroideae and Serratia marcescens 
(Dhevagi & Poorani, 2005). The administration of such 
an enzyme protein for a long duration has been reported 
to cause anaphylactic shock (Capizzi et al, 1971). 
Therefore, new serologically different L-asparaginase 
from new microbial sources with a similar therapeutic 
effect is highly desirable (Davis & Mingioli, 1950). 

Asparaginase would serve to feed asparagine 
on the environment directly into this pathway. Neither 
its substrate asparagine nor its products, aspartic acid 
and ammonia, appear to act specifically to induce the 
formation of asparaginase II (Cedar & Schwartz, 
1968). The use of asparaginase II in the treatment of 
neoplastic disease makes it important that the 
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enzyme be produced in large quantities. Production of 
extracellular anti-leukaemic enzyme L-asparaginase 
from marine Actinomycetes was carried out using three 
different media, tryptone glucose yeast extract broth 
and tryptone fructose yeast extract broth (Basha et al, 
2009). The content of asparaginase varies widely in 
different strains of E. coli, however, in all strains the 
enzyme is localized in the periplasmic region between 
the plasma membrane and cell envelope (Campbell et 
al, 1967). 

Although L-asparaginase inhibits tumour cell 
growth, studies of this phenomenon have been limited, 
usually because sufficient quantities of the enzyme 
were not available. Sewage water is considered as a 
reservoir of Coliform organisms. Thus, sewage water 
of Peoples campus was used for isolation of FE. coli. 
Present study revealed that the F. coli isolates of 
Peoples campus possess potentials for production of 
L-asparaginase enzyme. In the present study, 35 
isolates were examined for enzyme production among 
which E. coli VRY -15 showed maximum extracellular 
production of the enzyme. The enzymes isolated from 
E.coli and Erwinia carotovora are now being used in 
the treatment of acute lymphoblastic leukaemia 
(Dhevagi & Poorani, 2006). Amena et al (2010) carried 
out production of extra-cellular L-asparaginase by 
Streptomyces gulbargensis using groundnut cake 
extracts and obtained optimum enzyme production at 
pH 8.5, 40°C and 200 rev/min with 1x10°® spores/ml 
inoculum size. Narayana et al (2007) reported yeast 
extract (2%) as the best nitrogen source for L- 
asparaginase production by S. albidoflavus. Maximum 
L-asparaginase production using 0.1% (w/v) L- 
asparagine as the sole source of nitrogen has been 
observed in Enterobacter cloacae (Nawaz et al, 1998) 
and Aeromonas sp. (Pattnaik et al, 2000). L- 
asparaginase from Pseudomonas aeruginosa 50071 
showed maximum activity at pH 9 when incubated at 
37°C for 30 min (El-Bessoumy et al, 2004). 

The results of the present study also suggest 
that isolated L-asparaginase may prove to be a 
promising agent and requires further investigation of 
its potential anti-leukaemic activity. Asparaginase also 
find application in food manufacturing companies as it 
is used to reduce asparagine present in food and 
thereby, reduce the risk of formation of acrylamide 
(Olempska-Beer, 2006). Acrylamide is formed as a 
reaction product between asparagine and reducing 
sugars when certain foods are baked or fried at 
temperatures exceeding 120°C ( Luning et al, 2006). 
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Abstract: 


The effect of advancing age & gender on visual and auditory reaction time was evaluated in 320 normal Indian 
male & female volunteers in the age group of 21-60 years. The volunteers were divided in two groups according to age; 
Group A comprised of 200 volunteers (100 males & 100 females) in the age group of 21-45 years & Group B comprised of 120 
volunteers (60 males & 60 females) in age group of 46 — 60 years. The auditory & visual reaction time was recorded using 
Techno Digital Response Time apparatus. Significant increase in visual reaction time and auditory reaction time was 
observed with the advancing age. In males, auditory reaction time increased by 22.6 msec & the visual reaction time for 
green & red light increased by 24.3 msec & 23.9 msec respectively from Group A to Group B. Similarly in females, the 
auditory reaction time lengthened by 24.4 msec while visual reaction time for green & red light increased by 28.6 msec & 
27.1 msec respectively. The auditory reaction time was shorter in females in both the age groups, while visual reaction time 
was shorter in males in both the age groups. The results for change in auditory reaction time due to advancing age in males 
as well as females were significant (p<0.05). While the results for the effect of ageing on visual reaction time for red as well 
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as the green light in males & females were significant(p <0.05). 


Key Words: Visual reaction time, Auditory reaction time, Age & Gender. 


Introduction: 

In the today’s fast paced world of digital 
technology, the role of time has acquired an important 
significance not only for growth but also for the 
survival. Even in the routine activities of our everyday 
life, it can seen that today’s man works invariably in a 
complex set ups where he is required to react to the 
variety of situations promptly & correctly. The time 
taken by an individual to react to unwarranted or 
unexpected challenges is called as reaction time 
(Sternberg, 1966; Ganong, 2005). The reaction time 
involves reception of the stimuli by the sense organ, 
conduction of the information through the nerve to the 
brain & from the brain to the muscle contraction & the 
movement of the muscle. The contribution of the central 
processes in the brain is usually far larger than all the 
others put together (Welford, 1977). Because the 
reaction time involves a sensory as well as motor 
alertness, the factors affecting sensory as well as motor 
system can affect the reaction time. The effect of age 
on the reaction time is thoroughly studied by Crossman 
& Szafran (1956). Proportionate increase in reaction 
time with age is shown by various worker (Griew, 1959; 
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Suci & Davidoff, 1960). 

Manifestations of changes in human motor 
function with advancing age are familiar events. Older 
people clearly exhibit and experience varying degrees 
of loss of abilities which require fine coordination and 
rapid initiation of movement (Norris et al, 1952). 

Because reaction time involves speed & 
accuracy, it has provided a way to evaluate commonly 
used psychological tests for attention, concentration and 
cognitive skills with well proven diagnostic and 
predictive validity (Welford, 1980). 

Diseases like epilepsy (King, 1962), 
parkinsonism (Hicks & Barren, 1970), diabetes, 
schizophrenia, depression and neurological impairment 
are a few pathological factors which affect reaction 
time (Welford, 1980). 

The aim of the present study was to find out: 
Whether the age affects the reaction time equally in 
male & female and at what age does reaction time 
starts getting affected? 


Materials & Methods: 

Volunteers were screened for auditory and 
visual impairment, major illness such as diabetes, 
hypertension, renal disorders, tuberculosis, neuropathies 
and psychiatric disorders. Individuals having any of the 
above problems were excluded from the study. All 
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subjects on steroids, psychotropic drugs, anti diabetics, 
antibiotics, antihypertensives, anti-inflammatory agents 
and anti-histaminics were also excluded from the study. 
After screening test, 320 volunteers, 160 males and 
160 females between 21-60 years were evaluated to 
assess the effect of advancing age on visual & auditory 
reaction time. The subjects were divided in two age 
groups i.e. 21-45 (group A) and 46 — 60 (group B). All 
the females of group B were post menopausal. 
Volunteers both the group, were equal in number and 
gender. Group A comprised of 200 volunteers & group 
B consisted of 120 volunteers. An informed consent 
was taken from the subjects. Test was recorded 
(between 9-1lam) at room temperature of 25-27°C. 
Instructions were given about nature & aim of the test. 
Several work trials were carried out before the actual 
test, to acquaint the subject with the procedure & the 
apparatus. 

The study was carried out in the department 
of Physiology, Dr Ulhas Patil Medical College & 
Hospital, Jalgaon with the help of Techno Digital 
Response Time apparatus. In it, two visual stimuli of 
Red & Green lights & two auditory stimuli of different 
tones with independent operation are provided. The 
chronoscope is a four figure, seven-segment LED 
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In present study, three stimuli were used; two 
for visual reaction time (red & green light) & one for 
auditory reaction time (high pitch sound). 

First the auditory mode was selected and the 
auditory stimulus box was connected to the stimulus 
socket. The display was set to zero. The apparatus 
was enabled which gave stimulus in the form of beep 
sound and the volunteer would disable the apparatus 
thereby locking the reaction time in display. The reading 
was noted, and counter was reset for the next trial. 
Similarly, the visual reaction time was recorded for the 
green & the red lights. For both auditory and visual 
stimuli, three readings were taken & the mean of them 
was taken as the final value. 

The results were analysed statistically using 
students unpaired ‘t’ test. 


Results & Discussion: 

There were 200 volunteers in Group A (age 
group 21-45 years) out of which 100 were male & 100 
were females. The Group B (age group 46-60 years) 
had 120 volunteers out of which 60 were males & 60 


Table I: Showing age & gender distribution in study 
population. 


display with the least count of 00.01 second & No of subjects Average age 
maximum displ f i Age Group 
um display of 99.99 second. It has sloping Males. ‘Females: Male Female 
operating panels on both sides, with a middle partition 37-45 (Years) 100 100 32.99 3334 
which effectively shields the operations on either side. 46-60 (Years) 60 60 53.76 54.01 
Table Ha: Showing effect of ageing on auditory reaction time in male & female 
Male Female 
Auditory (mean+SD) p-value (mean+SD) p-value 
reaction time GroupA GroupB GroupA  GroupB 
inmsec 341.9642.7 364.6343 <0.05* 337.9944.7 362.39+1.5 <0.05* 
*p<0.05- significant 
Table IIb: Effect of gender on auditory reaction time. 
Group A (21-45 years) Group B (46-60 years) 
Auditory (mean+SD) p-value (mean+SD) p-value 
reaction time M F M F 
inmsec 341.96+2.7 337.9944.7 <0.05 364.6343 362.3941.5 <0.05* 
*p<0.05- significant 
Table IIIa: Effect of ageing on visual reaction time in males & females. 
Male Female 
Visual reaction (mean+SD) p-value (mean+SD) p-value 
time in msec Group A Group B Group A Group B 
For greenlight 365.2942.3 389.634+4.1 <0.05* 371.142.8 399.75+5.0 <0.05* 
For red light 36445 .2 387.9444 <0.05* 365 .5+4.1 392.6543.9 <0.05* 
*n<0.05- significant 
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Table IIIb: Effect of gender on visual reaction time in Indian population. 


Group A (21-45 years) 


Visual reacton 
time in msec (mean+SD) 
M F 
For green light 365.29+23 371.142.8 
For red light 364452 365.5+4.1 


*pn<0.05 - significant 
were females (Table I). Table also shows the average 
age of male & female in each age group. 

In the present study, the mean auditory reaction 
time in male changed from 341.96+2.7 msec in Group 
A to 364.6343 msec in Group B, the increase of 22.6 
msec, while female volunteers showed an increase of 
24.4 msec from 337.9944.7 msec in Group A to 
362.395+1.5 msec in Group B (Table Ha). 

The mean visual reaction time for green light 
in males changed from 365.29 + 2.3 msec in Group A 
to 389.63+4.1 msec in Group B, the lengthening of 24.34 
msec while for red light there was an increase of 23.9 
msec, from Group A to Group B (Table III). In females, 
mean visual reaction time increased by 28.65 msec & 
27.15 msec for green & red light respectively from 
Group A to Group B (Table IIa). 

It is evident from Table Ha & IIa, that as the 
person (male/female) ages, his/her reaction to auditory 
as well as visual stimuli slows down. 

We observed that the ageing affects reaction 
time (auditory as well as visual) in females more than 
the males. The change in auditory reaction time as well 
as visual reaction time for red and green light were 
significant in both males & females (p <0.05). 

It is also obvious from Table Ila and II]a, that 
ageing slows down visual reaction time more than the 
auditory reaction time. Reaction time for green light is 
affected more than for the red light. 

Result of the present study on effect of ageing 
is in conformity with the study by Obrist (1953) which 
had shown that there is shortening of the reaction time 
till 19th year of life after which it remains constant till 
the 26th year & then there is a steady increase in the 
reaction time as person ages. Miles (1931) and Bellis 
(1933), showed that reaction time of adults increased 
with age but the rate of this increase is apparently much 
greater during senescence than in middle ages of life. 
According to Welford (1980), the reason for slowing 
of reaction time with advancing age is not simple 
mechanical factor like the speed of nerve conduction 
but also because older people tends to be more careful 
and monitor their responses more thoroughly. This 
effect of ageing affect females more than males and 


People’s Journal of Scientific Research 38 


Group B (46-60 years) 


p-value (mean+SD) p-value 
M F 

<0.05*  389.6344.1 399.75+5.0 <0.05* 

<0.05* 387.9444 392.6543.9 <0.05* 


could be due to hormonal changes females have under 
gone after attaining menopause. 

Various research studies have yielded 
controversial results as regards to the effect of gender 
on reaction time. Study by Miles (1931) and Bellis 
(1933) showed that males are faster than females in 
reacting to auditory and visual stimulus. However, Noble 
et al (1964) observed that males had a shorter reaction 
time than females in every age group except 10-14 
years and the oldest group where there was no 
difference in reaction time. Welford (1980), Noble et 
al (1964) and Bellis (1933) reported that the mean time 
to press key in responses to light & sound stimulus, 
was longer in females than in males. A study by Prinzel 
et al (1995), observed that males are faster than 
females in both reaction and movement . 

Gender difference was also observed by 
Shenvi & Balasubramanium (1994), who showed that 
the auditory as well as visual reaction time, were 
significantly higher in males as compared to females in 
age groups of 17-18 years. 

Results of Noble et al (1964) were in 
conformity with the present study as far as the auditory 
reaction time is concerned, but for visual reaction time 
for green & red light of the present study were 
contradictory to the findings of Noble et al (1964) who 
found that older women had shorter reaction time as 
compared to males of the same age group. This was 
explained by them on the basis of the fact that women 
tend to live longer than males and hence constitutionally 
they are more fit especially towards the end their lives. 
Miller (1966) observed that around 30 years of age, 
there is an increase in synaptic delay and a 5-10% 
decrease in the speed of nerve conduction causing 
nervous reflexes to slow down. The speed of the nerves 
decline to 92% by age 50, but does not seem to change 
much after that. 

Botwinick & Storandt (1974) and Botwinick 
& Thompson (1966) hypothesised that this could be 
due to the effect that older people are less aroused 
than those who are younger and that older people tend 
to look more at what they are doing and are more 
cautious in reacting to stimuli. Females are more inclined 
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towards perfection and tend to sacrifice speed for 
accuracy. 
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Abstract: 


Obtaining predictable and aesthetic root coverage has become an important part of periodontal therapy. Several 
techniques have been developed to achieve these goals with variable out comes. The aim of this case series was to 
evaluate the effectiveness of Acellular Dermal Matrix Allograft (ADMA) and Subepithelial Connective Tissue Graft (SCTG) 
in combination with Coronally Positioned Flap (CPF) in the treatment of Miller’s class [and I multiple gingival recession 
in aesthetic areas. 

A total of 10 patients aged between 18 to 40 years were selected for this study, meeting all the criteria for 
inclusion. Five patients were treated with ADMA and 5 patients with SCTG in combination with CPF. Various clinical 
parameters were assessed viz. probing pocket depth (PPD), clinical attachment level (CAL), gingival recession (GR), width 
of keratinized tissue (WKT) at base line and 6 months after surgery. 

No significant differences in gingival recession, reduction were noted between ADMA and gold standard SCTG. 
Within limits of this case series, the use of ADMA may represent an acceptable alternative to the SCTG for treating 
gingival recession. The use of ADMA eliminates the need for the palatal donor site and it involves a less invasive surgery 
for treating multiple gingival recession. These results suggest that ADMA may be a useful substitute for SCTG to achieve 
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predictable root coverage. 


Key Words: Gingival recession; Acellular dermal matrix allograft; Subpithelial connective tissue graft. 


Introduction: 

The patients today are increasingly conscious 
of personal appearance and much attention has been 
focused on denuded roots that are exposed during 
smiling and are unaesthetic (Zucchelli & De Sanctis, 
2000). The main indications for root coverage 
procedures are aesthetic and / or cosmetic demands 
(Zucchelli & De Sanctis, 2000) followed by the 
management of root hypersensitivity (Gottlow et al, 
1990), or whenever it hampers proper plaque removal 
(Mathur et al, 1969). Obtaining predictable root 
coverage has been an important part of periodontal 
therapy. Over the years, various techniques have been 
used to achieve root coverage. 


The pedicle flaps have been used successfully 
for root coverage with different modifications (Allen 
& Miller (Jr.), 1989; Caffesse et al, 1987; Harris, 2000): 
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The coronally positioned flap (CPF) is one of the valid 
surgical options in the treatment of Miller’s Class I 
and Class I gingival recession (Bernimoulin et al, 
1975). However, the root coverage obtained with this 
procedure is associated with thin marginal soft tissue, 
which makes it vulnerable to future recession at treated 
sites and thus, questions the long term predictability of 
CPF in the treatment of multiple gingival recessions 
(da Silva et al, 2004). 

Langer & Langer (1985) introduced 
subepithelial connective tissue graft (SCTG) in treating 
gingival recession, in which connective tissue graft 
combined with an overlaying pedicle graft was used. 
The SCTG covered by a CPF is a frequently used 
procedure due to its high predictability (Wennstrom & 
Zucchelli, 1996). However, this procedure requires a 
second surgical site that may cause certain degree of 
discomfort and increase the risk of post operative 
complications such as pain and hemorrhage. 

Recently, the use of an ADMA has become 
an increasingly popular technique as a substitute for 
SCTG in treating marginal tissue recession (Rahmani 
& Lades, 2006; Gartrell & Mattews, 1976). Acellular 
dermal matrix allograft is an acellular, non-immunogenic 
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scaffold that heals by repopulation and 

revascularization, rather than healing through a 

granulation process (Livesey et al, 1995). The use of 

an ADMA has been reported to have a favourable 

clinical outcome in root coverage procedures with a 

range of mean root, coverage from 86% to 99% (Harris, 

2002; Hederson et al, 2001; Hirsch et al, 2005; 

Woodyard et al, 2004). 

Therefore, the aim of this case series was to 
evaluate the effectiveness of ADMA and SCTG in 
combination with CPF in the treatment of multiple 
gingival recessions in aesthetic areas with the following 
objectives: 

1) To evaluate the effectiveness of ADMA with respect 
to root coverage, gain in clinical attachment level 
and increase in the width of keratinized gingiva. 

2) To evaluate the effectiveness of SCTG in terms of 
root coverage, gain in clinical attachment level and 
increase in the width of keratinized gingiva. 


Materials & Methods: 

Ten systemically healthy patients aged between 
18 to 40 years were selected from the Outpatient, 
Department of Periodontics, Sharad Pawar Dental 
College, Sawangi (Meghe). 


Inclusion Criteria: 

1) Presence of multiple gingival recession defects on 
the labial or buccal surfaces of the teeth, either in 
maxillary or mandibular arch, classified as either 
Miller’s Class I or II. 

2) Presence of = 2 mm gingival recession depth. 

3) Presence of width of keratinized gingiva apical to 
recession > 2mm. 

4) Absence of bone loos on IOPA X-ray 


Exclusion Criteria: 
1) Use of tobacco products. 
2) Uncooperative patients. 
3) Patients plaque score = | after phase I therapy. 
4) History of periodontal surgery in selected gingival 

recession defects. 

The surgical procedures were explained to all 

patients. Informed consent forms were explained and 
signed by them prior to treatment. 


Initial Therapy: 

Each patient received initial therapy prior to 
surgical therapy. Every effort was made to modify 
habits that may have contributed to the development 
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of gingival recession. Occlusal adjustment was done if 
needed. Plaque control instructions were given until 
patients achieved a plaque score of 1. 


Oral Hygiene Status: 

Patient’s oral hygiene status was evaluated at 
baseline and after 6 months by using Full mouth Plaque 
index (FMPI,Turesky et al, 1970) and gingival health 
by Full mouth Papillary Bleeding index (Muhlemann, 
1977) 

The following clinical parameters were 
measured for assessment of the results in all the 
selected cases: probing pocket depth (PPD), clinical 
attachment level (CAL), gingival recession (GR) and 
width of keratinized gingiva (WKG) by using the 
William’s graduated periodontal probe. All the probing 
measurements were recorded at maximum depth 
recession (Mid-facially per tooth), only on teeth to be 
treated at baseline and evaluated at 6 months 
postoperatively. 

Surgical Procedure: After local anesthesia, 
the exposed root surface was planed with hand & 
ultrasonic instruments. 

Recipient site preparation: Intrasulcular incision 
was made at the labial aspect of the involved teeth. 
Two horizontal incisions were made at right angles to 
the adjacent interdental papillae at the level of cemento- 
enamel junction without interfering with the gingival 
margin of the neighbouring teeth. Two oblique vertical 
incisions were extended, beyond the mucogingival 
junction and a trapezoidal mucoperiosteal flap was 
raised, up to the mucogingival junction. After this point, 
a split thickness flap was extended apically, releasing 
the tension and favouring the coronal positioning of the 
flap. The epithelium on the adjacent papillae was de- 
epithelised. The smooth root surface was achieved with 
curettes and was washed with saline solution. 

Harvesting of connective tissue graft: ASCTG 
in a proper dimension was harvested from the palate 
and trimmed as necessary. 

Placement of connective tissue graft under the 
flap: The SCTG was placed at the Cemento Enamel 
Junction (CEJ) level and 2-3mm beyond to margin of 
alveolar bone covering the entire defect and adjacent 
recipient bed. It was secured by sling sutures and flap 
was coronally positioned to cover the graft. The coronal 
margins of flap were placed, slightly coronal to CEJ, 
stabilized with simple interrupted 5.0 Vicryl sutures 
laterally and continuous sling sutures coronally 
(Fig. I). 
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For the ADMA group: Acellular Dermal Matrix 
Allograft to be adapted after being aseptically 
rehydrated in sterile saline according to the 
manufacturer’s instruction. The graft was trimmed in 
such a way that coronally it was at CEJ and apically it 
covered the alveolar bone up to at least 2 to 3 mm. 
The basement side was placed adjacent to the bone 
and tooth and connective tissue side was placed facing 
the flap. The coronal and lateral border of ADMA was 
sutured to lingual gingival tissue with resorbable sutures. 
The flap was then coronally positioned and sutured to 
cover the ADMA (Fig. ID). 

Subsequently periodontal dressing was placed 
over the surgical site in both the groups. 


Postoperative Care: 

After surgery, NSAID (Ibuprofen 200mg + 
Paracetamol 400mg) and systemic antibiotic 
(Amoxicillin 500mg) t.1.d. was prescribed for 5 days. 
Patients were instructed not to brush for 30 days after 
surgery and only to rinse with 0.2% Chlorhexidine 
gluconate twice daily. After 14 days, the periodontal 
dressing and sutures were removed. All the patients 
were examined weekly for the first month and once in 
a month for next 3 months for supragingival scaling 
and oral hygiene motivation. Patients were recalled after 
6 months to record clinical parameters. 


Results: 
During the course of the study, wound healing 
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was uneventful. The periodontal dressing remained in 
place until the first postoperative appointment. There 
were no postoperative complications in any patient. 
None of the selected patients dropped out before the 
termination of the study and the patients were satisfied 
with the results. 


Clinical Indices: 

The decrease in mean Plaque index score (PI) 
and mean Papillary bleeding index score (PBI) at 
baseline and 6 months postoperatively in both groups 
indicated improvement in gingival condition throughout 
the study (Table I). 

In both SCTG and ADMA group no significant 
difference in reduction in mean PPD, CAL, GR and 
WKG was recorded after six month post-operatively 
(Table II). Mean percent root coverage in SCTG group 
was 96% and in ADMA group was 93% indicating no 
significant difference in mean percent root coverage 
(Table II & IV; Fig. HI). 


Discussion: 

When multiple gingival recession defects 
affecting adjacent teeth in aesthetic areas of the mouth 
are present, they should be treated at the same time to 
achieve the best aesthetic results (Cetiner et al, 2004). 
Therefore, this case series was carried out to evaluate 
the effectiveness of Subepithelial connective tissue 
graft and Acellular dermal matrix allograft. 


Fig. I: Clinical sequence of Subepithelial Connective tissue graft (SCTG) group (A) Preoperative gingival recession on 23 (B) Horizontal & 
Vertical incisions (C) Flap reflection with Split thickness( D) SCTG harvested from palate. (E) Flap sutured coronally covering the entire 


SCTG (F) Postoperative clinical view after 6 months. 
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Table I: Mean Plaque Index (PI) and Papilla Bleeding Index 
(PBI) score between baseline and at 6 Months. 
Postoperatively in SCTG And ADMA Group. 


SCTG ADMA 
Param Baseline 6 Diffe- Gascinne 6 Diffe- 
eters Months rence Months rence 
PI 0.76 0.75 0.01 0.75 0.74 0.01 
PBI 0.76 0.74 0.02 0.74 0.73 0.01 


Table II: Comparison of clinical parameters between baseline 
and 6 months postoperatively in SCTG and ADMA group. 


SCTG ADMA 
Parameters Base. 6  Diffe-|Base- 6 _ Diffe- 
line Months rence] line Months rence 
PPD(mm) 1 1 0 1.1 1 0.1 
CAL(mm) 3.8 1.1 2.7 | 3.9 1.2 2.7 
GR(mm) 2.8 0.1 2.7 | 2.8 0.2 2.6 
WKG(mm) 2.0 3.2 1.2 | 2.0 3.0 1.0 


A total number of 20 buccal/labial recession defects in 
10 patients were treated. There was no sign of allergy, 
infection or any other complication in any patient after 
the use of ADMA graft, which indicates that the product 
Acellular dermal matrix (Alloderm)® was well tolerated. 
The clinical outcome of various forms of 
surgical interventions are influenced by general level 
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Table III: Reduction of Gingival Recession with Root 
Coverage in Individual Patients in SCTG Group. 


: Recession Defect Recession % Root 
Patient No . 
Depth(mm) _Reductions(mm) coverage 

I 335 3.5 100 

II 3 2.5 83.3 
Ill 2.5 2:5 100 
IV 3 3 100 
Vv 2 2 100 


Table IV: Reduction of gingival recession with root cover- 
age in individual patients in ADMA group. 


Patient No Recession Defect Recession Root 
Depth(mm) Reductions (mm) coverage % 

I 2.5 2.5 100 

II 2 2 100 

III 3 3 100 

IV 3 3 100 

Vv 3.5 2.5 71.4 


of oral hygiene. The results indicate that both 
treatment modalities, SCTGandADMA group showed 
good improvement in the studied clinical parameters 
with respect to baseline & at 6 months (Table I). 
Successful root coverage was found in both the treated 
groups with root coverage in SCTG group being 97% 
and in ADMA group was 94% (Table III & IV). These 
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Clinical sequence of Acellular dermal matrix allograft (ADMA) group (A) Preoperative gingival recession on 31&41 (B) Horizontal 
& Vertical incisions (C) Flap reflection with Split thickness( D) ADMA sutured in place (E) Flap sutured coronally covering the entire 
ADMA (F) Postoperative clinical view after 6 months. 
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Fig. III: Comparison of clinical parameters between baseline and 6 
months postoperatively in sctg and adma group. 


4.5 


6 Months 


Baseline 


6 Months 
SCTG ADMA 


I PPD: Probing pocket depth, NICAL: Clinical attachment level 
HGR: Gingival recession, IJWKG: Width of keratinised gingiva 


Baseline 


findings are in agreement with earlier studies by Hirsch 
et al (2005), who observed 99% root coverage for 
SCTG group and 95% for ADMA group. However, 
Rahmani & Lades (2006) observed mean root coverage 
of 70 % for both SCTG and ADMA groups. 

In the present study, mean gain in clinical 
attachment level in both the groups was 2.7 mm. Since, 
no histological evaluations were available, the type of 
healing obtained between the ADMA and previously 
denuded root surface can only be speculated on. Based 
on the reports of ADMA, matrix would revascularize 
via preserved vascular channel and that it would 
integrate into the host tissue (Bernimoulin et al, 1975; 
Yukna et al, 1977; Vernino et al, 1986). At the same 
time ADMA may also act as a barrier equivalent to 
selective cell repopulation membrane, thus encouraging 
periodontal guided tissue regeneration. The observed 
clinical changes probably represent a combination of 
new connective tissue attachment in the apical half of 
the defect and the presence of long junctional epithelial 
attachment in the coronal half (Harris, 1994). In case 
of connective tissue graft, based on histological 
evidence, healing has been shown to be mediated 
through a long junctional epithelium along the major 
portion of the root with an extremely limited area of 
new attachment and bone formation at the base of the 
recessions (Majzoub et al, 2001). Although a new 
comnective tissue attachment mostly fails to form in 
the entire depth of the defect, in previous histological 
studies on ADMA and SCTG the treatment procedures 
used in the present series did not result in formation of 
a deep periodontal pocket. 
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in a clinical trial comparing SCTG and ADMA with 
coronally positioned flap (Hirsch et al, 2005; Tal et al, 
2002). In a comparative study on the effectiveness of 
ADMaA to increase width of attached gingiva, Wei et 
al (2000), reported that ADMA produced a lesser extent 
of attached gingiva in comparison to SCTG. They 
believed that the difference could be attributed to 
considerable shrinkage of ADMA during the healing 
phase. 

One of the advantage of ADMA is that the 
need for palatal donor material is eliminated which 
reduces postoperative morbidity. In addition, it provides 
an unlimited supply of graft material, thus permitting 
multiple site root coverage that can be extended for a 
sextant, quadrant, or even a full mouth arch at one 
time. Moreover, other advantage of ADMA was an 
excellent tissue colour match obtained. Although there 
was no attempt to objectively evaluate colour match in 
this investigation, however, the effect was clearly seen 
clinically. 

The root coverage obtained by both procedures 
although, was satisfactory, patient’s satisfaction was 
especially observed with the use of ADMA as most of 
the patients were treated with aesthetic request. 


Conclusions: 

From the analysis of result of this case series, 
the following conclusions were drawn: 

1. Both therapies resulted in better reduction of the 
gingival recession, probing pocket depth, significant 
gain in clinical attachment level and width of 
keratinized gingiva. 

. SCTG and ADMA group showed mean root 
coverage of 97% and 94% respectively at 6 months 
postsurgically. 

. Mean CAL gain obtained in both groups was 2.7 
mm. 

. Mean increase in width of keratinized gingiva was 
1.2 mm in SCTG and 1 mm in ADMA group. 


Bibliography: 


1. Allen EP, Miller PD (Jr.): Coronal positioning of existing 
gingiva: Short term results in the treatment of shallow 
marginal tissue recession. Journal of Periodontology, 
1989; 60(6): 316-319. 


; . _ 2, Bernimoulin JP, Liischer B, Mithlemann HR: Coronally 

In the present series, we observed increase in repositioned periodontal flap. Clinical evaluation after 1 

the WKG in SCTG and ADMA groups by 1.2 mm & year. Journal of Clinical Periodontology, 1975; 2(1): 1- 
1.0 mm respectively. A similar observation was made 13. 

People’s Journal of Scientific Research 44 Vol. 5(1), Jan. 2012 


Evaluation of Effectiveness of Acellular Dermal Matrix Allograft----- 


1 


— 


People’s Journal of Scientific Research 


. Caffesse RG, Alspach SR, Morrison EC, Burgett FG: 


Lateral sliding flaps with and without citric acid. The 
International Journal of Periodontics & Restorative 
Dentistry, 1987; 7(6): 42-57. 

Cetiner D, Bodur A, Uraz A: Expanded mesh connective 
tissue graft for the treatment of multiple gingival 
recessions. Journal of Periodontology, 2004; 75(8): 1167- 
1172. 


. da Silva RC, Joly JC, de Lima AF, Tatakis DN: Root 


coverage using the coronally positioned flap with or 
without a subepithelial connective tissue graft. Journal 
of Periodontology , 2004; 75(3): 413-419. 


. Felipe MEM, Andrade PF, Grisi MFM, Souza SLS, Taba 


M (Jr), Paliato DB, Novaes AB (Jr): Comparison of two 
surgical procedures for use of the acellular dermal matrix 

allograft in the treatment of gingival recession: A 
Randomised controlled clinical study. Journal of 
Periodontology, 2007; 78(7):1209-1217. 

Gartrell JR, Mathews D: Gingival recession: The 

condition, process and treatment. Dental Clinics of North 

America, 1976; 20(1):199-213. 

Gottlow J, Karring T, Nyman S: Guided tissue regeneration 

following treatment of recession type defects in 

monkeys. Journal of Periodontology, 1990; 61(11):680- 

685. 

Harris RJ: The connective tissue with partial thickness 

double pedicle graft: The results of 100 consecutively 
treated defects. Journal of Periodontology, 1994; 65(5): 

448-461. 

Harris R J: Acomparative study of root coverage obtained 
with an acellular dermal matrix versus connective tissue 
graft: Results of 107 recession defects in 50 consecutively 
treated patients. The International Journal of 
Periodontics & Restorative Dentistry, 2000; 20(1): 51- 

59. 


. Harris R J: Acellular dermal matrix used for root coverage: 


18-month follow-up observation. The International 
Journal of Periodontics & Restorative Dentistry, 2002; 
22(2): 156-163. 


. Henderson RD, Greenwell H, Drisko C, Regennitter FJ, 


Lamb JW, Mehlbauer MJ, Goldsmith LJ, Rebitski G: 
Predictable multiple site root coverage using an acellular 
dermal matrix allograft. Journal of Periodontology, 2001; 
72(5): 571-582. 


. Hirsch A, Goldstein M, Goultschin J, Boyan BD, 


Schwartz Z: A 2-year Follow-up of root coverage using 
subpedicle acellular dermal matrix allograft and 
subepithelial connective tissue graft autograft. Journal 
of Periodontology, 2005; 76: 1323-1328. 

Langer B, Langer L: Subepithelial Connective Tissue 
Graft technique for root coverage. Journal of 
Periodontology, 1985; 56(12): 715-720. 


. Livesey SA, Herndon DN, Hollyoak MA, Atkinson YH, 


Nag A: Transplanted acellular allograft dermal matrix. 
Transplantation 1995; 60(1):1-9. 


45 


16. 


17. 


18. 


19. 


20. 


2 


— 


Somnath B.K., P. Charde & M.L. Bhongade 


Mathur RM, Chawla TN, Kapoor KK, Mathur MN: A 
study of gingival recession as related to oral cleaning 

habits. Journal of Indian Dental Association, 1969; 41(6): 

159-162. 

Miihlemann H R: Psychological and chemical mediators 

of gingival health. The Journal of Preventive Dentistry, 

1977; 4(4): 6-17. 

Majzoub Z, Landi L, Grusovin MG, Cordioli G: Histology 
of connective tissue graft. A case report. Journal of 
Periodontology, 2001;72(11):1607-1615. 

Rahmani ME, Lades MA: Comparative clinical evaluation 
of Acellular Dermal Matrix Allograft and connective 
tissue graft for the treatment of gingival recession. The 
Journal Contemporary Dental Practice, 2006;7(2): 63- 
70. 

Tal H, Moses O, Zohar R, Meir H, Nemcovsky C: Root 
coverage of advanced gingival recession: A comparative 
Study between acellular dermal matrix allograft and sub- 

epithelial connective tissue grafts. Journal of 
Periodontology, 2002; 73(12):1405-1411. 


. Turesky S, Gilmore ND, Glickman I: Reduced plaque 


formation by the choloromethyl analogue of vitamin C. 
Journal of Periodontology, 1970;41(1): 41-49. 


22. Vernino AR, Young SK, Tow HD: Histologic evaluation 


23. 


24. 


29: 


26. 


following intraoral use of freeze-dried skin in humans. 

The International Journal of Periodontics & 
Restorative Dentistry, 1986; 6(4): 57-65. 

Wennstrom JL, Zucchelli G: Increased gingival 
dimensions. A significant factor for successful outcome 
of root coverage procedure? A 2-year prospective 
clinical study. Journal of Clinical Periodontology, 1996; 

23(1): 770-777. 

Woodyard JG, Greenwell H, Hill M, Drisko C, Iasella JM, 

Scheetz J: The clinical effect ofacellular dermal matrix on 
gingival thickness and root coverage compared to 
coronally positioned flap alone. Journal of 
Periodontology, 2004; 75(1):44-56. 

Wei PC, Laurell L, Geivelis M, Lingen MW, Maddalozzo 
D: Acellular dermal matrix allografts to achieve increased 
attached gingiva. Part 1: A clinical study. Journal of 
Periodontology, 2000; 71(8):1297-1305. 

Yukna RA, Tow HD, Carroll PB, Vernino R, Bright RW: 

Comparative clinical evaluation of freeze dried skin 
allografts and autogenous gingival grafts in humans. 

Journal of Clinical Periodontology, 1977; 4(3):191-199. 


27.Zucchelli G De Sanctis M: Treatment of multiple 


recession- type defects in patients with esthetics 
demands. Journal of Periodontology, 2000;71(9):1506- 
1514. 


Source of Support: Nill, 
Conflict of Interest: None declared. 


Vol. 5(1), Jan. 2012 


Marsupialization as a treatment option of a large Odontogenic keratocyst: A 


case report with the review of literature 


Anisha Maria, Yogesh Sharma, Amit Chabbria 


Department of Oral and Maxillofacial Surgery, Modern Dental College and Research Center, Indore 


(Received March, 2011) 
Abstract: 


(Accepted October, 2011) 


The Odontogenic keratocyst (OKC) is classified as a developmental epithelial cyst and comprises approximately 
11% ofall cysts of the jaws. The most characteristic clinical feature of OKC is the high recurrence rate. It is because of this 
characteristic that a variety of treatment modalities has been suggested for this cyst. Many of the surgeons prefer a more 
aggressive treatment, like resection. We have tried a more conservative approach in managing a patient with a large OKC 
of the mandible and have had an excellent result. We would like to suggest that marsupialization can be a definitive 


treatment option for large OKC’s. 


Key Words: Odontogenic keratocyst (OKC), marsupialization. 


Introduction: 

The word Odontogenic keratocyst (OKC) 
was coined by Phillipsen in 1956 (Cakur et al, 2008). 
The OKC is classified as a developmental epithelial 
cyst and comprises approximately 11% of all cysts of 
jaws. These cysts are most often seen in the 
mandibular ramus and angle region (69% - 83%). The 
radiographic appearance is that of an unilocular or a 
multilocular lesion with scalloped margins. The most 
characteristic clinical feature of OKC is the high 
frequency of recurrence (0% - 60%; Nakamura et al, 
2002). 

Histologically, the parakeratinized OKC’s have 
higher recurrence rate as compared to the 
orthokeratinized OKC’s (Shear, 2003). It occurs singly 
or in association with nevoid basal cell carcinoma 
syndrome (Gorlin Goltz Syndrome). These are more 
commonly seen in the 2"! and 3" decades of life and 
males are more frequently affected than females in 
the ratio of 2:1 (Shear, 2003). 

Common clinical findings are pain, swelling, 
discharge and occasionally paresthesia of the lower lip or 
displaced teeth. Many cases are asymptomatic and are 
discovered accidentally on radiographs. Fifty percent of 
the cysts when discovered, are on an average 40 mm in 
size and located in the ramus of the mandible. 

Maxillary OKC’s tend to be diagnosed early 
as they are more likely to get infected. Bony expansion 
may be seen in 60% of the cases (Shear, 2003). Rate 
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of growth of OKC’s is 2 — 14 mm/year (average 7 
mm/year). They can penetrate cortical bone and involve 
surrounding soft tissues. Many authors have reported 
an aggressive behaviour of OKC’s especially when in 
association with basal cell carcinoma syndrome (Shear, 
2003). In 2005, the W.H.O working group considered 
the parakeratinized variant to be a cystic neoplasm and 
recommended the descriptive term Keratocystic 
Odontogenic Tumour (KCOT; Phillipsen, 2005). The 
orthokeratinized version is not considered as a tumour. 
Histopathological examination of KCOT is important 
to decide the appropriate treatment and a long follow 
up is a must for the KCOT. (Phillipsen, 2005; 
Gonzalez-Alva et al, 2008). 

It has been suggested that recurrences might 
develop in three different ways: Incomplete removal 
of the original cyst lining; retention of micro cysts or 
epithelial islands in the wall of the original cyst; 
development of new keratocysts from epithelial off- 
shoots of the basal layer of the oral epithelium (Bell & 
Deirks, 2003; Pitak-Arnop et al, 2010). 

Factors responsible for incomplete removal of 
OKC’s are thin and fragile cyst lining, scalloped 
margins, multilocular variety, perforation of lingual plate 
of mandible and its location causing difficult access 
adds to the difficulty in removing the cyst in toto (Shear, 
2003). 


Immunohistochemistry: 

Protein content is less than 4 gm/dl in cystic 
fluid unless it becomes infected. Protien-53 (P-53) is 
positive in OKC’s in nevoid basal cell carcinoma 
syndrome. Protien-53 is generally seen in actively 
proliferating cells such as in neoplasms (Shear, 2003). 
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Many researchers, therefore, regard OKC’S as a 
benign cystic tumour especially when they are part of 
nevoid basal cell carcinoma syndrome. 

Pyridine contacting Triaza (PcTH) gene 
inactivation occurs in syndromic keratocysts. 
Overexpression of B-cell lymphoma-2 (Bcl — 2) and 
cyclin D leads to loss of control of proliferative activity 
in the lining of both the sporadic and syndromic cysts. 
B-cell lymphoma-2 protein is found in the cyst lining 
and protects cells from early death through apoptosis. 
It is also present in other neoplasms. This protein was 
found absent from OKC linings after marsupialization 
(Pogrel & Jordan, 2004). All these findings support the 
hypothesis that syndromic keratocysts should be 
regarded as benign cystic neoplasms (Shear, 2003; 
Shear, 2007). Odontogenic Keratocysts have a high 
mitotic rate, increased proliferating cell nuclear antigen 
(PCNA), overexpression of the P-53 protein and cell 
surface glycoprotein 38 (gp-38). Majority of OKCs 
have chromosomal abnormalities and harbour an allele 
loss at the same locus as squamous cell carcinoma. It 
is not known how the biologic behaviour of the OKC 
changes after marsupialization but some believe that it 
is related to inflammation of the cyst lining. The OKC 
behaves less aggressively when left open to the oral 
cavity (Tolstunov & Treasure, 2008). 


Surgical Treatment options according to Ghali 
(2003): 


1. Marsupialization: Suturing of the cyst lining to 
the oral mucosa. Decompression relieves the 
pressure within the cyst and changes the 
internal environment. Marsupialization should 
be allowed to proceed until important 
structures can be preserved (teeth, nerves, 
sinus and nasal cavity) and bone grafting is 
not required. 

2. Enucleation and Curettage: It denotes 
scrapping of lesion with inexact thickness of 
surrounding bone by hand instruments. 
Recurrence rate is highest with this method (9 
— 62%). Adjuncts such as Carnoy’s solution 
or cryotherapy may be used along with it. 

3. Enucleation with peripheral osteo-ectomy: 
Removal of the lesion along with an inexact 
thickness of surrounding bone by powered 
rotary instruments. Methylene blue dye can 
be used to mark the bone. 
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4. Qsseous Resection with or without continuity 
defect with 1 cm linear margins. This treatment 
modality has 0% recurrence rate but is 
associated with the highest morbidity. 


Case Report: 

A 27 year old male was referred to the 
department of oral and maxillofacial surgery, with the 
chief complaint of pain and swelling in the lower anterior 
part of the jaw for last few days. On extra oral 
examination, there was a diffuse tender swelling in the 
mandibular anterior region suggestive of an 
inflammatory condition. A submental lymph node was 
enlarged and tender. There was no history of trauma. 

Intra oral examination revealed the presence 
of all the teeth. Oral hygiene was good. Left mandibular 
canine was mildly tender to percussion. Vitality test 
was negative for 41, 42, 43, 44, 45, with no associated 
mobility or displacement. There were no signs of buccal 
cortical plate expansion. Paresthesia was noted in the 
left lower lip region. 

The patient’s general condition was good. 
There was no relevant past medical history. All 
hematological tests were within normal limits. 

An Orthopantomogram (OPG) revealed a 
large unilocular, radiolucent lesion with scalloped 
margins involving the whole body of mandible from 46 
to 38 region (Fig. I). 


Fig. I: Orthopantomogram showing lesion site Pre-Operatively. 

Odontogenic keratocyst, ameloblastoma and 
central giant cell granuloma were considered in the 
differential diagnosis. Aspiration of cyst revealed white 
cheesy material. An incisional biopsy was undertaken 
under local anesthesia from the 33 region and sent for 
histopathological examination. It was reported as an 
odontogenic keratocyst, the lining of which was 
parakeratinized (Fig. II). Teeth 41 to 45 were non vital 
and were endodontically treated. 
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Fig. II: Histoligical section showing typical pallisading arrangement 
of basel cells of OKC lining epithelium (H&E Stain, 10X). 
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Fig.IH: Marsupiliazation of the lesion. 


Fig. IV: Showing Cystic contents. 
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Fig.V: Histological se showing normal mucosa after 8 months 
postoperatively (H & E Stain, 10X). 


— 


Fig.VI: Orthopantomogram showing bone regenration after one year. 


The patient was hospitalized and under gen- 
eral anesthesia, the lesion was marsupialized by creat- 
ing a | cm wide and 6cm long buccal window extend- 
ing from 35 to 46 region (Fig. II). The cystic contents 
were removed, the lining of the cyst was sutured to 
the surrounding oral mucosa (Fig. IV), the cavity was 
irrigated with Povidone-iodine and normal saline, then 
packed with iodoform gauze. The dressing was 
changed every alternate day for a week and then an 
obturator was fabricated and placed over the defect. 
The patient was trained to maintain oral hygiene by 
himself and was reviewed periodically. A fresh biopsy 
was taken from the shallow bed of the defect after 8 
months, and it was reported as normal oral mucosa i.e. 
the cystic lining seemed to have changed into normal 
oral mucosa (Fig.V & Fig. VI). Orthopantomogram 
was taken at regular 6 monthly intervals and showed 
good bone regeneration. The patient was followed up 
for 5 years and showed no recurrence but only a slight 
buccal depression in the 43-33 region. There have been 
no fresh complaints (Fig. VU ). 
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Fig. VII: Inraoral view post operatively after 5 years. 
Discussion: 

The main goal of all surgeons is to eradicate 
the lesion with whatever means that might be applicable 
to the particular lesion according to the site, size & 
location. There are pros & cons for all the treatment 
options. 

A small unilocular OKC lesion anteriorly 
placed may be amenable to enucleation with peripheral 
osteo-ectomy with or without adjunctive treatment of 
the defect with Carnoy’s solutions or cryotherapy to 
ensure the complete removal of the cyst lining 
(Stoelinga, 2005). Large, multilocular lesions located 
in ramus and angle region may require radical resection 
with or without continuity defects and then 
reconstruction with bone grafts. 


Decompression & marsupialization relieves the 
pressure within the cystic cavity and allows the lesion 
to decrease in size till new bone formation occurs 
(Giuliani et al, 2006). It has also been noted by other 
authors, that after decompression & marsupialization, 
the cyst lining undergoes histologic changes, resulting 
in eventual replacement of the cyst lining by oral 
epithelium (Pogrel & Jordan, 2004). 

The presence of inflammation (by creating a 
window) is thought to change the biologic behaviour of 
the keratocyst to a less aggressive form. Interleukin- 
la is thought to play a crucial role in the expansion of 
OKC’s. After marsupialization & decompression, 
interleukin-1la& cytokeratin 10 disappears from the 
cyst lining. The advantage of marsupialization, 
especially in large OKC’s, is that there is less morbidity 
and preservation of function and esthetics (Shear, 2007). 

Recurrence observed with marsupialization 
ranges from 0-100%. Several studies have found no 
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difference in recurrence rate when compared to 
enucleation procedure alone (Voorsmit et al, 1981; 
Kondell & Wiberg, 1988; Stoelinga & Bronkhorst, 1988; 
Nakamura et al, 2002; Stoelinga, 2003). Pitak-Arnop 
et al (2010) reported on 120 OKCs from 1995-2004 
treated by enucleation with a recurrence rate of 26%. 
They obtained a clinically acceptable result because 
84% of the patients showed no recurrence. They 
strongly advocated regular follow up visits because 
recurrences have to be dealt with more aggressively. 
Other authors who reported minimal recurrence rates 
with enucleation alone are: Jensen et al, 1988 (33%); 
Donoff et al, 1972 (15%); Choung et al, 1982 (18%); 
Irvine & Bowerman, 1985 (0%); Voorsmit et al, 1981 
(13%); Stoelinga & Bronkhorst 1988 (9%); and Kondell 
& Wiberg, 1988 (24%). Resection has 0% recurrence 
but is disfiguring and requires further reconstructive 
surgery to rehabilitate the patient (Bataineh & al 
Qudah, 1998). 

Table I: Depicts various treatment modalities for 
OKCs(primary & recurrent variety) and thier recurrence rates. 


Primary Recurrent Recurrence Followup 


Authors Treatment ‘ : 
cysts Cysts _ratein% period 

Browne (1970) Marsupialization 12 3 25 >16 months 

Enucleation 72 17 23.6 
Bradley & Fisher Enucleation + 3 0 0 6 months- 1 
(1975) Cryotherapy years 
Hodgkinson Enucleation 55 21 38 To death 
et al (1978) Curettage 15 4 26.6 

Resection 2 0 0 

Marsupialization 3 3 100 
Patridge & Marsupialization 2 6 0 >5 years 
Towers(1987)  Enucleation 30 11 36.7 

Curettage 11 1 9.1 

Resection 2 0 0 
Forssell etal Enucleation 28 5 18 5-17 years 
(1988) (1 piece) 

Enucleation 41 23 56 

(>I piece) 

Marsupialization 5 3 60 
Marker et al Decompression+ 23 2 8.7 1-19 years 
(1996) Enucleation 
Stoelinga (2003) Enucleation + 1 0 0 86 months 

Carnoy’s 
Pogrel & Jordan Decomprssion+ 13 0 0 33 months 
(2004) Enucleation 
Tolstonov & = Decomprssion+ 1 0 0 36 months 
Treasurer (2008) Enucleation 
Kolokythas Resection or 11 0 0 24 months 
et al (2007) Enucleation + 

peripheral 

ostectomy 

Decompression+ 11 2 18.18 24 months 

Enucleation 
Present study  marsupialization 1 0 5 years 


(2011) 
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As observed from the above table, earlier 
studies by Browne (1970) and Hodgkinson et al (1978) 
reported very high recurrence rate with 
marsupialisation treatment. Later studies by Partridge 
& Towers (1987), Pogrel & Jordan (2004), Tolstonov 
& Treasurer (2008) reported 0% recurrence with the 
same mode of treatment. Kolokythas et al (2007) 
reported a higher recurrence of 18% and Marker et al 
(1996) reported a recurrence of 8.7%,which is 
reasonable and all these studies support our stand that 
it is an excellent treatment option for large OKC’s.The 
patient suffers less loss of function, no disfigurement 
and enjoys a better quality of life. None the less if 
lession recurs, we would support a more aggressive 
management by resection.We advocate a life long 
follow up of these patients because recurrences have 
been reported even after 20 years. The table clearly 
shows that most of the authors support conservative 
treatment options to manage this entity. 

A soft tissue variety of OKC has also been 
reported, though, this is controversial entity. Ide et al 
(2010) reported two cases of “Buccal Mucosal 
Keratocyst” which is an unusual presentation and 
unconnected to odontogenic tissue origin. 

There are some disadvantages of 
marsupialization for e.g. it requires prolonged patient 
compliance, fails to eradicate the lesion completely, and 
there exists a need for subsequent enucleation or 
resection. The lesion may have an ameloblastomatous 
or a malignant change elsewhere which may remain 
undetected and may go undiagnosed. Marsupialization 
may be technically more difficult due to size and extent 
of the lesion especially in the ramus region. Its 
application is more suitable for unilocular lesions in 
accessible areas. Many authors prefer to resect OKC’s 
located in the mandibular ramus area due to difficult 
access to this region (Stoelinga, 2005; Giuliani et al, 
2006; Pogrel & Jordan, 2004; Nakamura et al, 2002. 
Batanieh & al Qudah (1998). 

Since index case presented with a large 
unilocular OKC extending from 36 to 48 region 
(approximately 9 cm), where access was easier, a 
marsupialization procedure was opted for and 
performed by opening a large window (1 cm wide x7cm 
long) buccally from 35 to 46 region. This allowed direct 
visualization and removal of the cyst contents with easy 
maintenence of oral hygiene by the patient . The patient 
was followed up regularly radiographically and 
histologically by taking repeated biopsies from the base 
of the defect. After 3.6 years, the lesion has healed 


People’s Journal of Scientific Research 


with no recurrence and has only a slight depression in 
the anterior region. All his teeth were preserved with 
no complaint of altered sensation in the anterior region. 


Conclusion: 

The recommended follow up for OKC’s is once 
ina year for at least 5 years. Radical operations, such 
as continuity resection may not be warranted always, 
as conservative management with marsupialization 
seems to work and preserves function with least 
morbidity. Many authors are now advocating a more 
conservative approach in treating the single non 
syndromic odontogenic keratocyst. Recurring OKC’s 
will require a more radical surgery. Radical procedures 
such as resection should be reserved for keratocysts 
that involve vital structures, are recurrent or 
demonstrate malignant degeneration. Resection is the 
most predictable modality but involves the greatest 
morbidity. Until such time that prospective, randomized 
controlled trials are performed to compare the various 
treatment strategies, one cannot know for certain if 
adjunctive measures, such as cryotherapy and chemical 
fixation, truly make a difference in outcome 
(Bell, 2003). 
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Abstract: 

Liquid supported denture can be a permanent solution in edentulous patients with diabetes, xerostomia and 
atrophied ridge. A liquid-supported denture was planned for maxillary arch and neutral zone concept for fabrication of 
contour of the polished surfaces of mandibular denture. Liquid-supported dentures will have optimal stress distribution 
during masticatory function. The neutral zone technique provides muscular harmony over the denture stability. Liquid 
supported denture will act as a continuous reliner for the denture and thus has an advantage over the conventional 
denture. Neutral zone technique is an alternative approach for the construction of mandibular dentures where there is 


atrophic ridge and a history of denture instability. 


Key Words: Low Fusing Compound, Neutral Zone, Liquid Supported Denture, Glycerin. 


Introduction: 

The co-ordination of complete dentures with 
the neuromuscular function is the foundation of 
successful, stable dentures (Boere et al, 1990). The 
success of the prosthesis may be adversely affected 
by Incorrect tooth placement and arbitrary shaping of 
the polished surfaces. This is particularly true for 
patients with reduced mandibular residual ridges, 
yielding flat or concave foundations due to severe bone 
resorption (Davidson & Boere, 1990). 


Case report: 

A female patient aged about 68 years reported 
to the Department of Prosthodontics Crown, Bridge 
and Implantology, Dayanand Sagar College of Dental 
sciences, Bangalore, with a completely edentulous and 


™ 


Fig.l: Severelly resorbed (a) Maxillary ridge and (b) Mandibular ridge. 
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atrophic residual ridges (Fig Ia & Ib). In the mandibular 
arch, the resorption had progressed to such an extent 
that the patient had a dull aching pain on palpation due 
to close approximation of superficial fibres of the 
mental nerve and dehiscent inferior alveolar canal. 
Hence, a liquid-supported denture was planned for 
maxillary arch for even distribution of load and neutral 
zone concept for fabrication of the polished surfaces 
of mandibular denture relined with permanent soft liner 
for this particular patient. 

A preliminary impression of the maxillary and 
mandibular arches was made with impression 
compound (DPI, Pinnacle) and impressions were 
poured with dental plaster and the primary casts were 
retrieved. It was followed by Border molding with low 
fusing compound (Green Stick Compound KERR) and 


final impression with Zinc oxide Eugenol impression 
paste; (Fig. ID. Tentative jaw relation was recorded 
and a face bow transfer was done to a semi-adjustable 
articulator (Wide Vue Hanau). For the mandibular arch, 
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Fig. II: Final impression of maxillary and mandibular arch. 


Fig.IH: Neutral zone recorded by functional method 


a new record base was fabricated incorporating 
stainless steel wire spurs in the posterior region keeping 
anterior rim to provide esthetic support. Neutral zone 
was recorded by functional method using low-fusing 
compound (Fig. III). 

Putty (polyvinyl siloxane) was used to form 
an index around the neutral zone (Fig. VI). The pink 
baseplate wax was slowly melted and poured into the 
index to duplicate the low fusing compound. The wax 
trial dentures were tried intraorally to check the 
appearance and occlusion. 


Fig. IV: Lab. putty index around neutral zone thickness. 
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Fig. V: Soft, flexible polyethylene sheet. 


Laboratory Procedure: 
Stage 1: 

At the time of packing, a 1 mm thick, soft, 
flexible polyethylene sheet was incorporated in the 
maxillary denture which was 2mm short of the borders 
(Fig. V). 

This sheet was adapted over the master cast 
with the help of a vacuum heat-pressed machine. Now 
the foil was heat cured with a heat-cure denture base 
resin (leucitone, Dentsply) to facilitate sealing. The 
denture was then finished, polished and inserted into 
the patient’s mouth to check for retention, stability, 
support and border extension. The patient was asked 
to use the denture for two weeks till she got adjusted 
to the new dentures. 


Stage 2: 

The maxillary denture was now ready to be 
converted into a liquid-supported denture. A putty 
(polyvinyl siloxane) impression of the tissue surface of 
the maxillary denture was obtained to get the junction 
of the temporary sheet and the denture base resin (Fig. 
VI). The impression was poured with dental stone, and 


Fig V: A putty impression of the tissue surface of the maxillary denture 
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the positive replica of the denture was obtained with 
the junction marked over it. 

A new polyethylene sheet of 0.5mm thickness 
was adapted on this stone replica, again heat-pressed 
at 6 atmospheres pressure (atm) and cut into the desired 
shape as on the stone replica to form the ultimate 
denture base. This sheet was a permanent one of 
0.5mm thickness as compared to the temporary one 
which was of 1mm thickness. This difference in space 
was occupied by liquid in the final prosthesis (Fig. VII). 

The temporary Imm thick sheet/spacer 
embedded in the denture was replaced with the new 
0.55mm thick permanent sheet in the final denture. Two 
inlets were made in the denture buccally in the molar 
region. The permanent polyethylene sheet was then 
incorporated in the denture base with cyanoacrylate 
adhesive and sealed with light-cured dental varnish 
(Perez et al, 2000). The seal was checked properly. In 
areas of leakage, it was resealed till a perfect seal was 
obtained at the junction (Fig. VII). 

A viscous liquid, i.e, glycerin was filled through 
the inlets (Fig. [X) and one inlet was sealed with cold- 
cured acrylic resin. Fig. Xa: Denture in occlusion. 

The occlusal vertical dimension was adjusted 
by fitting the denture in the patient’s mouth. The denture 
was now ready to be used by the patient (Fig. Xa & X 
b). 


Fig. Xb: Patient with final prosthesis 


In this particular patient, it was technically challenging 
to convert the mandibular denture into a liquid-supported 
one, due to the fact that very little residual ridge was a 
left. So the mandibular denture was acrylised in the 
conventional method. 


Discussion: 

The principle of this design was that a liquid- 
supported denture is flexible and continuously adapts 
itself to the mucosa. However, it is also rigid enough to 
support the teeth during actual use. Thus, the denture 
base is covered with a close-fitting flexible foil to keep 
Fig. VIII: Sealing of the junction. a thin film of liquid in its place. This design will act as 
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a continuous reliner for the denture and thus has an 5. 


advantage over the existing denture designs. When no 
forces are applied, the foil remains in the resting position, 
acting as a soft liner and when the dentures are in use, 
vertically directed loads are distributed in all directions 
by the liquid resulting in optimal stress distribution. This 
helps in long-term preservation of bone and soft tissues. 
Apart from the combined benefits of tissue conditioners 
and soft liners, load from biting forces and even bruxism, 
will be distributed over a larger surface (Chase, 1961). 
For a liquid cushion, glycerine was used which is clear, 
colorless, odourless with a good pharmaceutical 
placation. 

The aim of the neutral zone technique is to 
construct a denture in muscle balance. In the highly 
atrophic mandible, muscular control over the denture 
is the main retentive and stabilizing factor during 
function (Beresin & Schiesser, 1976; Fahmi, 1992). 


Conclusion: 

A complete denture will not have a good 
prognosis if it violates the foundation on which it rests. 
Liquid-supported dentures eliminate the main 
disadvantages encountered due to rigid denture base 
materials thereby providing proper retention, stability, 
support & comfort to the patient. This technique in 
combination with neutral zone allows continued 
adaptation of the denture to the mucosa in the resting 
& functional states. For this patient, a periodic recall 
checkup was scheduled at a regular interval of 3,6,9 & 
12 months to check for any rupture of polyethylene 
sheet and seal. In case of liquid leak, the denture was 
refilled. The patient is happy with the prosthesis because 
of great comfort due to the smooth flexible surfaces. 
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Abstract: 


An ounce of prevention is better than pounds of cure 


(Accepted November, 2011) 


ee That’s what dental health care workers spend their day 


telling their patients, but it also applies to working conditions that can cause pain in the neck, shoulder and hand to a 
dentist. In dental clinics, there are very few activities that can cause sudden injuries, rather it is an accumulation of 
harmless working positions over months and years, which are repeated so often that they cause irreversible injuries. 

This article includes Musculoskeletal disorders / Repetitive Strain Injuries (MSDs /RSIs) and the signs, symptoms 
and risk factors of these types of injuries, so that one can be aware of developing problems and can change his /her 
approach to work or alter the workstation setup to prevent further injury. The article discusses the important issues of 
posture and offers different exercises to work with comfort, efficiency and ease. 


Key Words: Ergonomics, RSI, MSD & Exercises. 


Introduction: 

Dentistry is a social interaction between helper 
and recipient in their limited job setting and with personal 
characteristics. A healthy dentist is one of the most 
important component in a successful dental practice. 
Despite the fact, that though 88% of dentists report 
good or excellent health (Kupcinskas & Petrauskas, 
2003), some studies show that one out of ten dentists 
reports having poor general health and three out of ten 
dentists report having poor physical state (Gorter et al, 
2000). Dentists can, and do experience illnesses and 
problems that can disrupt or impair a practice. Yet, there 
are growing evidences that suggest increased 
vulnerability within the profession to certain disorders 
and afflictions that can only be categorized as practice 
related. 

These problems can be avoided by increasing 
awareness of the postures used during work, 
redesigning the workstation to promote neutral 
positions, examining the impact of instrument use on 
upper extremity pain, and following healthy work 
practices to reduce the stress of dental work on the 
practitioner’s body (Jabbar, 2008). 

Recently, “Ergonomics” has become a popular 
term. The term has been used with most professions 
but increasingly in the dental profession. It is a discipline 
that studies workers and their relationship to their 
occupational environment. This includes many different 
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concepts such as, how dentists position themselves and 
their patients, how they utilize equipment, how work 
areas are designed and how all of this impact the health 
of dentists (Russel, 1973). 

In Greek, “Ergo,” means work and, “Nomos,” 
means natural laws or systems. Ergonomics, therefore, 
is an applied science concerned with designing products 
and procedures for maximum efficiency and safety. It 
is also a study of the relationship among the personnel, 
equipment and environment in the work area. Proper 
ergonomic design is necessary to prevent repetitive 
strain injuries, which can develop over time and can 
lead to long-term disability. Ergonomics is concerned 
with the efficiency of persons in their working 
enviroment. It takes account of the worker’s 
capabilities and limitations to ensure that tasks, 
equipment, information and the environment suit each 
worker (Kahri, 2005). 

The musculoskeletal health of dental 
professionals has been the subject of numerous studies 
worldwide, and their focus has been on the pain 
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experienced by the practitioner. Because their work 
area is narrow, dental treatment is performed, in a 
very inflexible work posture. Studies indicate that back, 
neck and shoulder or arm pain is present in up to 81% 
of dental operators (Bramson et al, 1998). 

Back pain is the most common complaint 
followed by neck pain and shoulder pain, though they 
all are usually mild. Most dentists today work in the 
sitting position and treat the patient in the supine position. 
Being seated made little difference in how frequently 
operator experience pain. When operators sit, pain 
occurs not only in their back, but also in their neck, 
shoulders and arms. While the occasional backache or 
neck ache is not a cause for alarm, ifregularly occurring 
pain or discomfort is ignored, the cumulative 
physiological damage can lead to an injury or a career- 
ending disability (Valachi & Valachi, 2003). 


Some Symptoms of Musculoskeletal 
disorders (MSDs): 

Excessive fatigue in the shoulders and neck 
Tingling, burning, or other pain in arms 
Weak grip, cramping of hands 

Numbness in fingers and hands 

Clumsiness and dropping of objects 
Hypersensitivity in hands and fingers 


Some Signs of MSDs 
Decreased range of motion 
Loss of normal sensation 
Decreased grip strength 
Loss of normal movement 
Loss of co-ordination 


Some Risk Factors for MSDs 
Repetition 

Forceful exertions 
Awkward postures 
Contact stress 

Vibration 

Poorly designed equipment workstation 
Improper work habits 
Genetics 

Medical conditions 

Poor fitness level 
Physical/mental stress 
Lack of rest/recovery 
Poor nutrition 
Environmental factors 
Poor lighting 
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Off-the-Job activities that can contribute to 
MSDs: 

Home computer use 

Repetitive activities using the fingers 

Sports activities 

Prolonged/awkward postures at home 

Use of household tools 

Activities involving repeated heavy lifting, 
bending, twisting, or reaching 


Mechanisms MSDs in Dentistry: 

Prolonged Static Postures (PSPs): When the 
human body is subjected repeatedly to PSPs, it can 
initiate a series of events that may result in pain, injury 
or a career-ending MSD. 

Muscle Ischemia/Necrosis and Imbalances: 
During treatment, operators strive to maintain a neutral, 
balanced posture and find themselves in sustained 
awkward postures. These postures often lead to 
stressed and shortened muscles which can become 
ischemic and painful, exerting asymmetrical forces that 
can cause misalignment of the spinal column (Al 
Wazzan et al, 2001). 

Hypomobile Joints: During periods of PSPs or 
when joints are restricted due to muscle contractions, 
synovial fluid production is reduced and joint 
hypomobility may result. 

Spinal Disc Herniation and Degeneration: In 
unsupported sitting, pressure in the lumbar spinal discs 
increases. During forward flexion and rotation, the 
pressure increases further and makes the spine & disc 
vulnerable to injury (Al Wazzan, et al 2001). 

Neck and Shoulder Injury: Repetitive neck 
movements and continuous arm and hand movements 
affecting the neck and shoulder demonstrate significant 
associations with neck MSDs. 

Carpal-Tunnel Syndrome (CTS): It has been 
associated with both repetitive work and forceful work. 
Symptoms can appear from any activity causing 
prolonged and increased pressure (passive or active) 
in the carpal canal (Shugars et al, 1987). 

Low Back Pain: Low back discomfort has been 
associated with dental work in numerous studies. 

Psychosocial Factors: Dentists with work- 
related MSDs show a significant tendency to be more 
dissatisfied at work. They are burdened by anxiety, 
poor psychosomatic health and thus feel less confident 
with their future (Shugars et al, 1987). 
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Some Elements of an Improper Workstation 
Setup (Sadig, 2000): 
e Dentist’s or patient’s chair is too high/low. 
e Dentist’s chair has no lumbar, thoracic, or arm 
support. 
e Instrument table is not positioned properly. 
Lighting is inadequate for the task. 
e Edges of tables/worksurfaces are sharp/ 
uncomfortable. 
Ventilation makes workspace cold. 
e = Work environment is damp and cold. 


Importance of posture: 

The elements of an improper workstation setup 
force the dental practitioner to assume many harmful 
postures when performing various procedures on the 
patient. These positions put pressure on nerves and 
blood vessels, cause excessive strain on muscles, 
decrease circulation and cause wear and tear on the 
joint structures. 


Some Improper Postures That Dentists Take: 


e =Working with the neck in flexion and tilted to 
one side. 

Shoulders elevated. 

Side bending to left or right. 

Excessive twisting. 

Forward bending/overreaching at waist. 
Shoulders flexed and abducted. 

Elbows flexed greater than 90°. 

Wrists flexed/deviated in grasping. 

Thumb hyperextension. 

Position maintained for 40+ minutes per patient. 


Some Tips for Working With Good Posture 
(Yamalik, 2007): 

(1) Maintain an erect posture: by positioning chair 
close to the patient, one can minimize forward bending 
or excessive leaning over the patient. Place feet flat 
on the floor to promote a neutral or anterior tilt to your 
pelvis, which keeps back aligned and promotes the 
natural curvatures of back (Fig. I). 

(2) Use an adjustable chair with lumbar, thoracic and 
arm support: A good chair is essential for maintaining 
good posture. A chair should have important features like, 
adjustable height, width, tilt, backrest, seat pan and 
armrests, because in most dental offices, many people of 
different sizes use the same workstation (Fig. II). 
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Fig 1 Erect posture of body (Courtesy - Prevention of work related 
MSDs in dental clinic: www.asstsas.qc.ca). 


Fig. H: Use an adjustable chair 


(3) Work close to your body: Position the chair close 
to the patient and position the instrument tray close to 
the chair. This way, dentist does not have to overextend 
himself to reach the patient or instruments, putting 
excessive stress on back, shoulders and arms. Think 
of the 90° rule of having elbows, hips, knees, and ankles 
all forming 90° angles (Fig. III). 

(4) Minimize excessive wrist movements: Try to keep 
them in a neutral position (palms facing each other, 
shoulder width apart with wrists straight), which puts 
wrist muscles and tendons in a much better relationship 
to perform the work. 

(5) Avoid excessive finger movements: When one can 
combine the excessive forces needed to hold the 
instruments with the amount of repetitions that he/she 
can perform each day, one can see the tremendous 
toll that this takes on the small muscles of fingers. 
Retraining of shoulders and arms to position hands, 
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rather than making the small, forceful movements with 
fingers. 

(6) Alternate work positions between sitting, 
standing and side of patient: Switching positions 
allows certain muscles to relax while shifting the stress 
onto other muscles and increasing your circulation. 
Allow each side of your body to share the stress rather 
than performing the same motion in the same way which 
causes cumulative trauma in the overused side. 

(7) Adjust the height of your chair and the patient’ 
chair to a comfortable level: If dentists chair is too 
low and the patient’s chair is too high, this causes 
elevation of shoulders and can lead to neck problems 
and can pinch nerves. Alternately, if dentists chair is 
too high and the patient’s chair is too low, flexion of 
neck down and bend wrists back to compensate can 
lead to neck and hand problems. Remember the 90° 
tule and keep elbows at a 90° angle with wrists straight 
and shoulders relaxed (Fig. HI). 

(8) Consider horizontal patient positioning: If 
workstation allows the patient to recline into a horizontal 
position, it will allow a dentist to sit above the patient’s 
head with good ergonomic posture and he can use each 
arm equally in more natural position. 

(9) Check the placement of the adjustable light: 
Position the adjustable light to avoid strain on the neck 
(10) Check the temperature in the room:Temperature 
of workspace should not be too cold because this will 
decrease the circulation and blood flow of extremities. 
Most often, the dental work environment is damp and 
cold, so be certain to wear gloves and warm up the 
hands before working. 


0° from 
horizontal 
axis 


105-125 


Fig. HI: 90° rule-keep elbows at a 90° angle with wrists straight and 
shoulders relaxed. Courtesy - Prevention of work related MSDs in 
dental clinic: www.asstsas.qc.ca). 
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Fig.V:Different hand exercises adopted from: www.posturedontics. 
com 


Body Strengthening Exercises (Valachi & Valachi, 
2003): 

A. Stretching and strengthening the muscles that 
support the back and neck and those used in the 
forearm, wrist, and hand will help them remain 
strong and healthy(Fig. IV). 

B. Periodic stretching throughout the workday. 

C. Resting hands frequently is believed to be one 
of the most important factors in preventing CTS 

D.To relieve eyestrain caused by focusing intensely 
at one depth of vision for long periods, look up 
from the task and focus eyes at a distance for 
approximately 20 seconds. 

E. Move the head down slowly and allow the arms 
and head to fall between the knees; hold for a 
few seconds; raise slowly by contracting the 
stomach muscles and rolling up, bringing the 
head up last. 

F. Try head rotation for neck stiffness. Head 
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rotation involves tilting the head from right to 
left, as well as forward and backwards without 
forcing the motion beyond a range of comfort. 

G. Shoulder shrugging can be used to stretch the 
shoulder muscles that may be stressed from 
holding oral evacuator, instruments and telephone 
handset. Pull the shoulders up toward the ears, 
roll them backward and then forward in a circular 
motion. 


The following exercises can be practiced and performed 
by dentists on a regular basis in order to prevent MSDs- 


Postural Awareness Techniques * Maintaining a low back curve 

* Using magnification systems 

* Adjusting operator chair properly 

* Avoiding static postures 

* Alternating between standing and 
sitting 

* Repositioning patients at the 
proper height 

* Avoiding twisting 

* Chairside directional stretching 

* Stretching during microbreaks 

* Releasing trigger points 


Positioning Strategies 


Periodic Breaks and stretching 


Conclusion: 

Ergonomics have come into the profession in 
a big way. Further development of dental ergonomics 
must take place on the basis of a coherent vision of the 
future. In this regard, it must be clear exactly what 
ergonomics is and what developments have already 
taken place. Some aspects of particular interest are:(i) 
the prevention of occupational diseases; (1i) legal 
responsibility for protecting the health and safety of 
employees and students; (iii) education, academic 
development and research of dental ergonomics using 
organizational models in daily dental practice. By 
practising correct postures, the working capacity and 
productivity of dental professionals will enhance. They 
can work in a pain-free environment for quality dental 
care to their patients. 

Right Ergonomics along with regular exercises, 
relaxation techniques (meditation, biofeedback & yoga), 
proper nutrition helps us combat stress, thus conserving 
the productive energy, thereby increasing comfort, 
improving the quality of life, ultimately leading to 
extended careers.. 
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Abstract: 


Oral malodor is one of the major growing concern of patients today as it is fundamental to their overall personality. 
Although the majority of malodor is of oral origin, there are multiple other systemic causes that have to be addressed. 
Correct diagnosis of the cause of the malodor and prompt treatment can render the patient satisfied. There have been 
newer developments in faster and more efficient detection of the levels of malodor, and an array of treatment options are 
present in the market today. It is crucial for the dentist to have a sound understanding of this prevalent oral condition and 
provide effective intervention programs. This article reviews the various causes and the diagnostic modalities which will 
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help us treat this multifaceted condition. 


Key Words: Halitosis, Periodontal disease, Volatile sulphur compounds, Oral malodor. 


Introduction: 

In today’s era, the way a person is perceived 
is the way he presents himself. Halitosis is a matter of 
concern for many individuals who want to be present- 
able among his peers and in the social arena. Humans 
emit a variety of volatile and nonvolatile molecules that 
are influenced by genetics, diet, stress and disease 
(Whittle et al, 2007). The word halitosis is derived from 
the Latin word halitus, which means exhalation. Hali- 
tosis can be defined as any disagreeable odor in ex- 
pired air, regardless of whether the odorous substances 
originate from oral or non-oral sources (Tangerman, 
2002). Fetor ex ore, fetor oris and stomatodysodia 
(dysodia in Greek refers to stench), are other terms 
that have been used in the literature to describe halito- 
sis (Ongole & Shenoy, 2010). 


Epidemiology: 

Halitosis is common and can affect people of 
all ages. The prevalence of persistent oral malodor in 
a Brazilian study was reported to be 15%, was nearly 
three times higher in men than in women (regardless 
of age). The risk was slightly more than three times 
higher in people over 20 years of age compared with 
those aged 20 years or under, controlling for gender 
(Tessier & Kulkarni, 1991). The large majority of 
studies report that about 30% of people 
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have halitosis but some studies estimate that more than 
50% of the population has halitosis (Nadanovsky et al, 
2007). 


Classification: 


I. True Halitosis: 

A. Physiologic (Transient or Temporary): 
Halitosis caused by dietary components, deleterious 
habits, Morning breath and Secondary to xerostomia 
caused by physiologic factors. 

B. Pathologic: Secondary to pathologic 
conditions or oral tissues like gingival and periodontal 
diseases like Acute Necrotizing Ulcerative Gingivitis; 
Residual post-operative blood; Debris under dental 
appliances; Ulcerative lesions of the oral cavity; 
Halitosis associated with coated tongue; due to 
xerostomia secondary to salivary gland diseases and 
Tonsilloliths. 


II. False Halitosis or Halitophobia 


Etiology: 

Physiological halitosis: Morning halitosis, Oral 
malodor is common on awakening (morning breath), 
and is transient and rarely of any special significance. 
It may be because of increased microbial metabolic. 
activity during sleep that is aggravated by a physiological 
reduction in salivary flow, lack of nocturnal physiologic 
oral cleansing (e.g. movement of the facial and oral 
muscles) and variable oral hygiene procedures prior to 
sleep. Starvation can lead to a similar malodor. These 
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forms of oral malodor can be readily rectified by eating, 
oral cleansing and rinsing the mouth with fresh water 
(Faveri et al, 2006). 

Pathological halitosis: 

a) Intraoral causes: 

There are various factors that have been 

implicated in causing halitosis. These include causes 
due to the dentition, periodontal infections, xerostomia, 
tongue and its coating. 
(i). Dentition: Possible causes with the dentition are 
deep carious lesions with food impaction and 
putrefaction, extraction wounds filled with blood clot, 
and purulent discharge leading to putrefaction. 
Interdental food impaction in large interdental areas 
and crowding of teeth favour food entrapment and 
accumulation of debris. Acrylic dentures, especially 
when kept in the mouth at night and not regularly 
cleaned, can also produce a typical smell associated 
with candidiasis. The denture surface facing the 
gingival is porous and retentive for bacteria, yeasts, 
debris, and all factors that cause putrefaction. 


(ti) Periodontal infections: Some scientific studies 
conducted during the past 50 years have shown that 
periodontal disease causes offensive odour. Elevated 
concentrations of volatile sulphur compounds (VSC) 
occur frequently in mouth air of patients with 
periodontal disease. Tonzetich (1978) demonstrated that 
the VSC concentration in mouth air increased with the 
pocket depth, and he found using gas chromatography 
method that he developed, that it was higher in patients 
with probing depths of 4 mm or more than in subjects 
with probing depths of less than 4 mm. In particular, 
the methyl mercaptan concentration was significantly 
higher in patients with periodontal disease than in 
controls. Volatile sulphur compounds increase the 
permeability of the oral mucosa and collagen solubility 
and decrease protein or collagen synthesis and thus 
must be considered to be involved in the pathogenesis 


of periodontal disease. 


(iii) Microflora associated with halitosis: It is 
probably the microbial load that best predicts the total 
levels of biotransforming enzymes and 
microenvironments found in the mouth. However, it is 
clear that anaerobes and anaerobic environments are 
an important feature of biogenesis. The principle 
bacteria that are implicated in the creation of oral 
malodor include Fusobacterium nucleatum, 
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Prevotella intermedia and Tannerella forsythensis. 
Other bacteria that have been implicated in the 
production of volatile sulphur compounds include 
Prophyromonas gingivalis, Porphyromonas 
endodontalis, Treponema denticola, Aggregati- 
bacter actinomycetemcomitans, Atopob-ium 
parvulum, Campylobacter rectus, Desulfovibrio 
species, Eikenella corrodens, Eubacterium sulci, 
Fusobacterium species and Peptostreptococcus 
micros. Isolates of Klebsiella and Enterobacter is 
reported to have emitted foul odors in vitro which 
resembled bad breath in denture wearers. These gram- 
negative proteolytic anaerobes are located in the 
relatively stagnant areas of the mouth, such as 
periodontal pockets, posterior dorsal surface of the 
tongue, and interdental regions (DeBoever & Loesche, 
1995). 


(iv) Coating of the tongue: is an important factor for 
oral malodor (80-90%) cases (Ongole & Shenoy, 
2010). There is a relationship between bacterial 
numbers on the tongue (as measured by determining 
the colony-forming units per square centimeter) and 
oral malodor, so it does appear that the load of microbes 
per mouth (i.e. the thickness or aerial density of 
biofilms) is the most important feature of chronic oral 
malodor, rather than the presence or absence of specific 
microbial agent. Bosy et al (1999) suggested that 
individuals with history of oesophageal reflux disease 
and post nasal drip, predispose to build up of a substrate 
on the dorsal surface of the tongue. The papillae of the 
tongue, crevices associated with mucous glands and 
lingual tonsils increase the accumulation of bacteria 
and exfoliated epithelial cells. Deposits on teeth and 
periodontal diseases like acute necrotising ulcerative 
gingivitis can also contribute to oral malodor 
(Christensen, 1998). 


(v) Other oral causes: Other relevant malodorous 
pathologic manifestations of the periodontium are 
pericoronitis, major recurrent oral ulcerations, herpetic 
gingivitis, and necrotizing gingivitis and periodontitis. 
Microbiologic observations indicate that ulcers infected 
with gram negative anaerobes(i.e, Prevotella and 
Porphyromonas species) are significantly more 
malodorous than non infected ulcers. 


b) Extraoral causes: 
Respiratory tract diseases (lung abscesses, 
necrotizing pneumonia and carcinomas of the 
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respiratory tract) can cause the breakdown of tissue 
leading to the production of volatile sulphur compounds. 
Other associated respiratory diseases like tonsillitis and 
postnasal drip caused by nasal infections, sinusitis or 
nasal polyps produce oral halitosis. 

Liver disease can produce a variety of aromatic 
compounds, such as H,S, aliphatic acids, CH,SH, 
ethanethiol and (CH,),S. Hepatic cirrhosis will produce 
a characteristic musty or ‘mousey’ odor (Feller & 
Blignaut, 2005). 

Uremia that is caused by kidney failure also 
produces (CH,),N along with dimethylamine. These 
individuals present with uremic breath having 
ammoniacal odour (Goldberg et al, 1997; Greenman et 
al, 2005). Patients with uncontrolled diabetes mellitus 
(diabetic ketoacidoses) can emit ketonic breath (also 
described as sweet ‘fruity’ smell or rotten apple breath), 
which is caused by a metabolic disturbance leading to 
the production of acetones and other ketones. 


Diagnosis: Oral malodor can be assessed using direct 
and indirect methods. 

1) Direct methods 

a) Organoleptic Method: 

Organoleptic measurement can be carried out 
by sniffing the patient’s breath and grading the level of 
halitosis. Though this technique is crude in nature, it is 
still the most reliable technique for assessing the level 
of oral halitosis. Assessment of oral halitosis should be 
carried out on two or three occasions for a reasonably 
accurate diagnosis. Smelling both nose and mouth air 
is important as malodor detectable from the nose alone 
(asking the patient to breathe while the mouth is closed) 
is likely to come from the nose or the sinuses, or from 
respiratory or gastrointestinal tracts. For purposes of 
fine quantification (for example, in clinical trials of the 
efficacy of antimalodor compounds), it has been 
suggested that organoleptic assessments should be 
performed by two or more different examiners. As a 
general rule in clinical practice, it is advisable that the 
patient abstains from eating odiferous foods for 48 hours 
before the assessment and that both the patient and 
the examiner refrain from drinking coffee, tea or juice, 
smoking and using scented cosmetics before the 
assessment (Ongole & Shenoy, 2010). 

The organoleptic evaluation of oral malodor 
also includes other simple tests such as tongue odor 


test, dental floss odor test and saliva odor test. 
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Table I: Organoleptic intensity scale (based on Rosenberg 
& McCulloh, 1992). 


Rating Odor Intencity 
e Odor cannot be detected 0 
¢ Questionable malodor, barely detectable 1 
e Slight malodor, exceeds the threshold of 2 
malodor recognition 
e Malodor is definitely detected 3 
e Strong malodor 4 
e Very strong malodor 5 


(i) Spoon test: The spoon test is used to assess halitosis 
originating from the posterior part of the dorsum of the 
tongue. A sterile plastic spoon is used to scrape the 
dorsum of the tongue. After about 5 seconds, the odor 
from the contents of the spoon is assessed, holding the 
spoon about Scms away from the nose. 


(ii) Dental floss odour test: This test is used to assess 
the odour originating from the interdental regions. The 
examiner passes a sufficient length of unwaxed floss 
through the interdental regions of posterior teeth. The 
odour is assessed by holding the floss about 3 cms from 
the nose. 


(iii) Saliva odour test: The patient is instructed to 
expectorate about 1-2ml of saliva into a glass tube. 
The tube is covered immediately and incubated at 
37°C for five minutes. The glass tube is then held about 
4 cms away from the nose for assessing odor. 


b) Gas Chromatography: 

Gas chromatography is considered by many 
researches to be the method of choice for differentia- 
ting and quantifying the volatile sulphur compounds and 
(especially, if it runs with a Mass Spectrometry 
Detector). It can also distinguish other classes of 
compound (e.g. indole). Traditional laboratory gas 
chromatography or gas chromatography—mass 
spectrometry are cumbersome, need inert column 
carrier gas (gas cylinders of nitrogen or helium) and 
require technicians or specialists with adequate training, 
and are thus clinically impractical (Scully & Greenman, 
2008). However, a newly developed portable gas 
chromatograph (Oral Chroma TM, Abimedical, Osaka) 
has now been described, which does not use a special 
carrier gas (using air instead) and is highly sensitive 
yet relatively low cost compared with a standard gas 
chromatograph (Scully & Greenman, 2008). 
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c) Sulphide Monitors: 


Sulphide monitor is a portable chair side 
equipment, that can assess oral malodor; these monitors 
are cost effective and commercially marketed as 
Halimeter® (Interscan, Chatsworth, California). The 
monitor is equipped with an electrochemical sensor. 
The patient is asked to exhale into a transparent tube 
that carries the breath to a suction pump which in turn 
carries the air to the monitor as shown in the figure 


Fig. I: Portable sulphide monitor :HALIMETER® (Interscan Co. 
Chatsworth,CA) 


below (Rosenberg et al, 1991; Fig. I). 
These monitors analyze the total sulphur content of 
the individuals’ breath but cannot differentiate between 
various sulfides. The instrument measures parts per 
billion levels of hydrogen sulfide and, to a lesser extent, 
methyl mercaptan. A measurement is taken once a 
peak reading has been reached. 

Values: 

e Less than 100 is normal, 

e 100 to 180 is minor halitosis & 

e Greater than 250 is chronic halitosis. 
There may be false positive results due to other volatile 
vapours, such as acetone, ethanol, and methanol that 


do not contribute to oral halitosis. 


d) Electronic nose: 


The FF-1 odour discrimination analyzer 
(Electronic nose, Shimadzu Corporation) was used by 
Tanaka et al (2004). The set up comprised of a 
pre-concentrator, an array of 6 metal oxide 
semiconductor sensors selected for their different 
sensitivities and selectivity’s to fragrant substances, and 
a pattern recognition software. The instrument can be 
set to various modes such as the “all note measurement 
mode” which is the standard setting used for measuring 
all volatile substances and the “top note measurement 
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mode” which primarily measures volatile substances 
with a low boiling point. The results of their preliminary 
study showed that main compounds related to oral 
malodor were volatile substances with a low boiling 
point (Mantini et al, 2000). 


e) Dark field/phase contrast microscopy: 

Gingivitis and periodontitis are typically 
associated with a higher incidence of motile organisms 
and spirochetes, so shifts in these proportions allow 
monitoring of therapeutic progress. Another advantage 
of direct microscopy is that the patient becomes aware 
of bacteria present in plaque, tongue coating, and saliva. 
High proportion of spirochetes in plaque has been 
associated with a specific acidic malodor (Quirynen & 
vanSteemberghe, 2006). 


2) Indirect methods: 

Bacterial culture, smears and enzyme assays 
are indirect methods of assessing oral halitosis. These 
methods will help in the identification of organisms that 
produce oral malodor. One such technique is (Benzoyl- 
DL-arginine naphthyla-mide) BANA test. 

Benzoyl-DL-arginine naphthylamide test is a 
chair side investigation that assesses the proteolytic 
activity of anaerobic bacteria. It is a rapid chair side 
test for evaluation of non-sulfurous malodorous 
compounds. 

To detect malodor, the tongue or inter dental 
region is wiped with a cotton swab. The sample is 
placed on the BANA test strip, which is then inserted 
into a slot on a small toaster-sized incubator as shown 
in the figure below (Kozlovsky et al, 1994; Fig. II). 

The incubator automatically heats the sample 
to 55°C for 5 minutes. If P gingivalis, B. forsythus 
or T. denticola is present, the test strip turns blue. 
The bluer it turns, the higher the concentration and the 
greater the number of organisms. A color guide is 
printed on the container. It can also be used to evaluate 
the prognosis of the condition. 


Pseudohalitosis 

During diagnosis if no malodor can be found 
during the initial examination, the assessment for 
halitosis should be repeated on two or three different 
days. Thereafter, if halitosis is still not present, the 
patient can be considered to be affected by imaginary 
(pseudo-halitosis), which can be supported by 
established questionnaires. Experienced and intuitive 
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clinicians are well placed to suspect imaginary (pseudo- 
halitosis) at an early stage of the assessment. In general, 
such person may have obsessive behaviour or 
depression or phobic anxiety or paranoid ideation or 
have less social interaction and may have wrong 
interpretation of people’s actions as an indication that 
their breath is offensive (e.g. opening windows, 
covering their nose). 


Fig. II: BANA test kit and BANA-Zyme reagent stripes (Ora-tec 

Corp ® ) 

Newer developments in diagnosis: 

There are many other portable VSC monitors 
that are compact and relatively inexpensive. As the 
mouth air is expired, the devices measure the amount 
of VSCs, regardless of type, and continue to provide a 
value in the diagnosis. Some of the VSC monitor are; 
Tanita breath alert, Osmoscope, Halimeter and diamond 
probe. Another chair side test kit (Halitox reagent kit) 
measures the halitosis linked toxins. It is quick, simple 
colorimetric test that detects both volatile sulphur 
compounds as well as polyamines (Vandana & Sridhar, 
2008). In a recent study, Mathew & Vandana (2006) 
using Tanita breath alert, BANA and Halitox reagent 
kit, have shown that Tanita breath alert can be a useful 
tool in self assessment of malodor, but it is currently 
not available in India. 

The diamond probe/Perio 2000 system is a dental 
device designed to detect sulphide concentration of 
various forms (S,HS,H,S and CH,SH) in gingival sulci. 
The system combines a conventional Michigan “O” 
Probe style dental probe with a sulphide sensor, 
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which measures probing depth, bleeding on probing and 
sulphide levels. The micro-sulphide sensor responds to 
sulphide ions and measures metabolic products of many 
anaerobic bacteria and, indirectly bacterial activity. The 
reaction of the sulphide ions with the sensor generates 
a measurable voltage that is proportional to the sulphide 
concentration. Since sulphides are continually cleared 
from the pockets by crevicular fluid flow, the presence 
of high sulphide levels indicates a higher level of 
anaerobic bacterial activity (Zhou et al, 2004). The 
Research model of the Diamond Probe system was 
used according to manufacturer’s instructions. The 
probe tip was gently inserted into the base of the gingival 
sulcus and moved along with light pressure. As the 
probe moved along the sulcus, the three parameters 
were recorded. If the presence of sulphide was 
indicated above threshold (>0.5), the light on the front 
of the display panel would change colours depending 
on sulphide concentrations and an audible tone would 
sound (Zhou et al, 2004). 


Treatment: 

After a positive diagnosis for oral halitosis has 
been made, the treatment plan is implemented, which 
comprises the elimination of the causative agent and 
the improvement of the oral health status. 

Oral prophylactic procedures such as supra 
and sub gingival scaling and elimination of periodontal 
pockets should be undertaken (Miyazaki et al, 1999; 
Porter & Scully, 2006). Carious teeth have to be 
restored. Teeth with periapical pathology should be 
endodontically treated. Abscesses of acute nature 
should be managed by using appropriate antibiotics. 

Avoiding smoking, drugs and foods that might 
be responsible for halitosis is required. In addition, 
chewing gum, parsley, mint, cloves or fennel seeds, 
and the use of proprietary fresh breath preparations, 
may help. Cosmetic nonpharmacological methods, such 
as chewing gums, mints, flavored sprays, lozenges and 
some mouth rinses, however, merely provide a 
competing and temporary smell that may mask the 
unfavourable odor. Since dry-mouth can increase 
bacterial buildup and can cause or worsen bad breath, 
chewing sugarless gum can help in the production 
of saliva, and thereby help to reduce bad breath. 
Chewing may help particularly when the mouth is dry, 
or when one cannot perform oral hygiene procedures 
after meals (especially those meals rich in protein). 
This increases saliva, production, which washes away 
oral bacteria, has antibacterial properties and promotes 
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mechanical activity which helps further in cleaning the 
mouth. Some chewing gums contain special anti-odor 
ingredients. Chewing fennel seeds, cinnamon 
sticks, mastic gum, or fresh parsley are common folk 
remedies. 

Mouthwashes can be used for many 
preventative and therapeutic purposes (West & Moran, 
2008). Mouthwashes containing chlorhexidine 
gluconate, ceptylpyridinium chloride or triclosan, a two- 
phase oil:water mouthwash, may be beneficial (Scully 
& Greenman, 2008). Good short-term results have been 
reported with chlorhexidine, essential oils and 
ceptylpyridinium chloride for up to 2 or 3 h. Metal ions 
and oxidizing agents, such as hydrogen peroxide, 
chlorine dioxide and iminium chloride, can actively 
neutralize volatile sulfur compounds. Zinc seems to be 
an effective and safe metal at concentrations of at least 
1%; at present, a combination of low concentrations 
of zinc and chlorhexidine seems to be the most efficient 
way to remove the volatile sulfur compound that causes 
bad breath (Tharne et al, 2007). Toothpastes containing 
triclosan and a copolymer provide effective control of 
breath odor at 12 h after brushing the teeth (Sharma et 
al, 2007). There is significant, immediate antimalodor 
activity also for a 0.454% stabilized SnF2 sodium 
hexametaphosphate dentifrice (Farrell, 2007). The first 
active ingredient of Anti Halitosis Mouthwash (AHM) 
is highly oxidizing sodium chlorite (600 ppm of chlorite 
ion) which oxidizes the sulfides of the VSC’s to non- 
odorous sulfates and raises the oxidation/reduction ratio 
of the saliva toward the more oxidizing state. Chlorine 
dioxide as a mouth rinse neutralizes volatile sulfur 
compounds in mouth air. One study demonstrates that 
a one time use of a chlorine dioxide-containing 
mouthrinse significantly improves mouth odor 
pleasantness and reduces mouth odor intensity for at 
least 4 hours (Frascella et al, 1998). 

In recalcitrant cases, the specialist empirically 
may use a l-week course of metronidazole (200 mg 
three times daily) in an effort to eliminate unidentified 
anaerobic infections; metronidazole may reduce tongue 
microbiota and odor levels (Hartley et al, 1999). 


Conclusion: 

This review gives an overall insight into the 
various aspects of malodour. As halitosis is a common 
complaint of the patient and is a cause of distress, a 
thorough knowledge and its clinical application becomes 
mandatory. It is important for a practitioner to address 
this problem in the overall maintenance of oral health. 
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